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ABSTRACT
The primary purpose of this study was to determine 
the effects of mild and strenuous warm-up exercise on 
cardiac response to strenuous exercise. A secondary 
purpose was to investigate the effects of mild and 
strenuous warm-up on recovery from strenuous exercise.
The study was conducted at the University of 
Southwestern Louisiana, Lafayette, Louisiana during the 
1970-71 academic year. Fifty physically fit male 
subjects participated in the study.
Three pre-exercise conditions were imposed on the 
subjects prior to performing the exercise work bout. 
These consisted of (1) no waim-up, (2) raising the 
heart rate to 125 and recovering to 100 beats per 
minute; and (5) raising the heart rate to 150 and 
recovering to 100 beats per minute. The desired heart 
rates were achieved by having the subjects pedal on a 
bicycle ergometer set at a work load of 150 foot 
pounds per second. A pedal revolution speed of 85 
KPM was maintained. The same work load was established 
for the performance of the exercise workbout.
All subjects performed the exercise work bout with 
no warm-up after which a counter balanced practice order
was used for administering the other two pre-exercise 
conditions.
The exercise workbout consisted of pedaling the 
bicycle ergometer until the heart rate reached 175 
beats per minute. The times required for the subject's 
heart rate to rise from 100 to 125 beats per minute, 
from 125 to 150 beats per minute, and from 150 to 175 
beats per minute were recorded. Following the 
completion of the exercise workbout the time required 
for the subject's heart rate to recover to 100 beats 
per minute was also recorded.
Heart rate was measured by means of a Biotelemetiy 
System in circuit with a Biotachometer. Surface 
electrodes were attached to the chest.
All subjects used in the study had an efficiency 
index score of 80 or above as determined by the short 
form of the Harvard Step Test.
A randomized block design analysis of variance 
with blocking on subjects was utilized. The three 
levels of treatments were replicated fifty times. 
Regression was employed to further analyze the 
differences among the conditions. Pearson Product- 
Moment correlation was computed to determine the 
relationship between starting heart rate and the time
taken to recover to a heart rate of 100 beats per 
minut e.
The findings of the study were as follows:
1. Significant differences were found among the 
three pre-exercise conditions for times 
required to reach heart rates of 125, 150, 
and 175 beats per minute in that as the 
strenuousness of the pre-exercise condition 
increased the times required to reach the 
designated heart rates decreased.
2. The pre-exercise condition that consumed less 
total performance time also required less 
time in recovery.
3. Regression of pre-exercise conditions and 
time in seconds required to reach the 
designated heart rates was significantly 
linear, in that the strenuousness of the 
warm-up and time required to reach the 
heart rates was inversely proportional.
Within the limits of this study the following 
conclusions were made:
1. Pre-exercise activity significantly affects 
the rate at which the heart rate increases 
during exercise in that the higher the heart
xiii
rate is raised during warm-up the faster the 
heart rate will increase during performance.
2. Since the time required for recovery is
directly related to the length of exercise
the amount of warm-up should be considered 
in the total amount of energy expenditure 
for the event to be performed.
3. There appears to be slight overall relationship
between starting resting heart rate and recovery 
rate following exercise. However, the relation­
ship is too low for predictive purposes.
xiv
CHAPTER I
INTRODUCTION
Warm-up is taken to mean preparation carried out 
immediately before physical work with intention of 
producing optimum work performance.1
In nearly every type of athletic event in which 
the body is subjected to severe physiological stresses, 
warming-up has become a tradition. Consequently, 
there has been a number of studies done investigating 
this topic. The usual approach in such studies has 
been to use performance in a particular activity as the 
measured criterion. The evidence presented by these 
studies has been somewhat contradictory, and no definite 
generalizations about the effects of warm-up can be 
made. Warm-up has been accepted as a matter of common 
practice by most coaches and athletes in order to bring 
about better performance.
Even though warm-up has been utilized for years 
by almost every coach and physical education teacher 
its value has not been questioned in terms of scientific
1A. W. Sedgwick and H. R. Whalen, "Effect of 
Passive Warm-up on Muscular Strength and Ehdurance." 
Research Quarterly. XXXV (March, 1964), 4 5.
1
2research until relatively recent times. Experiments
have been directed toward the importance of warm-up to
discover its value in athletics, to investigate its
physiological nature, and to compare the effectiveness
2of different types of warm-up.
The benefits of warm-up were regarded as a matter 
of universal acceptance. Coaches, physical educators, 
and performers all agreed that warm-up was essential 
for good performance.
Lately there have been some doubts expressed 
regarding the benefits of warm-up. According to 
Powell:
The whole subject is a controversial 
one. Some physiologists, athletes, coaches 
and trainers believe in warm-up solely as a 
psychological preparation; others as a 
circulatory and muscular safeguard. Some 
believe in it implicitly, still more do not 
believe in it at all.*
Individuals who believe in wann-up assume that 
the activities that are engaged in will prepare the 
individual for a maximum effort and that muscles will 
alternately contract and relax fully and that they will
p
Herbert A. deVries, Physiology of Exercise, 
(Dubuque, Iowa: William E. Brown Co., 1^66), pT 572.
^John T. Powell, "Warm-up," The United States 
Track Coaches Association Track and Tieid Quarterly 
he view" (August, l9?0), p“ 5T7
contract rapidly without fear of tear, pull or 
4
strain.
Those who do not believe in warm-up feel that 
perhaps the need to warm-up has not been made apparent 
to them. Stories may be told of the athlete who 
arrived late at the track and without warming-up set 
the best time for the event.
Miller maintained that many athletes and coaches 
have given only a passing notice to warm-up in 
preparation for participation in sports events. Through 
his study it was discovered that experimental conditions 
tended to produce results different from empirical 
evidence. It was also concluded that the warm-up 
process of a competitive situation was difficult to 
simulate. Perhaps this could be an explanation for the 
conflicting findings that have been obtained in studies 
dealing with warm-up.
There are two commonly expressed reasons for 
warming-up: first, to prevent injuries during strenuous
exercise, and second, to improve the quality of 
performance. To these might be added another reason
4Ibid.. p. 51.
Richard Miller, "The science and Practice of 
Warming-up," Athletic Journal, XXXI (February, 1951), 
18-21.
hwhich is seldom verbalized, but which is also popularly 
recognized; that preliminary exercise and prior gradual 
elevation of body temperature make a performer "feel 
good." Both man and the domestic cat can, if necessary, 
activate glands and arise cold and unprepared to engage 
in emergency "fight or flight," but both prefer first 
to stretch, move their limbs, stretch again, and gradually 
prepare themselves by light exercise for a more strenuous 
activity.^
Whether warming-up prevents injuries is questioned 
by some coaches and trainers.
Tremble stated:
The subjects who had no previous history 
of injury to the hamstring muscle, ran 60 
yards with and without warming-up resulting 
in five cases of injuries to the hamstring 
muscle during 250 tests without warming-up 
and seven cases of injuries with waming-up 
during 250 tests. Thus waming-up did not 
help.f
Morehouse stated that failure to warm-up may 
cause muscles to tear. A warm muscle was found to react 
more quickly than a cold muscle. Also blood flow was
£
Roger K. Burke, "Relationship Between Physical 
Performance and Wann-up Procedures of Varying Intensity 
and Duration" (microcarded Doctoral dissertation, 
University of Southern California, Los Angeles, 1957)i 
1-108.
7
N. C. Tremble, "The Influence of Warm-up on Injury 
to the Hamstring Muscles in College Sprinters" (micro­
carded Doctoral dissertation, Colorado State College, 
Greely, 1962), p. h7-
increased by dilating the small blood vessels.
Viscosity of muscles decreased and allowed contraction 
and relaxation to occur more easily.
A phase of exercise which has not been given 
much consideration is the period following the 
performance. This is referred to as the recoveiy or 
warm-down. Wilt commented on this:
Each workout should be preceeded by 
a warm-up and followed by a warm-down.
The warm-up refers to the preliminary 
exercise used on physical and mental 
preparation for strenuous exertion which is 
to follow immediately; the warm-down is 
simply exercise gradually diminishing in 
intensity following severe exertion for the 
purpose of facilitating return of the 
circulatory system and bodily functions 
to the pre-exercise state. The same warm-up 
should be used prior to both training and 
competition.9
It is apparent from the available literature that 
differences in opinion regarding the benefits of warm-up 
do exist. It was not the intention of this investigation 
to question all aspects of warm-up. While the majority 
of studies dealing with warm-up have been primarily 
concerned with the effects of warm- up on performance,
ujaurence E. Morehouse and Augustus T. Miller, Jr., 
The Physiology of Exercise, (St. Louis: The C. V. 
rfosby Company, T^4S), p. 55.
^Fred Wilt, "How They Train," Track and Field 
News, (Los Altos, California, 1959), pi 26.
6this study was primarily concerned with the effects of 
warm-up on cardiac function.
STATEMENT OF THE PROBLEM
This study was an attempt to investigate whether 
warm-up which raised the heart rate to specific levels 
would have an effect on the time taken to reach a 
terminal heart rate of 175 beats per minute after the 
heart rate was allowed to recover to a rate of 100 
beats per minute following the warm-up. Moreover, 
this investigation sought to provide information as to 
whether there would be differences in the time taken 
to recover to a specified heart rate following the 
performance of an exhaustive type exercise after being 
subjected to the different warm-up conditions.
PURPOSES OF THE STUDY
The primary purpose of this study was to determine 
the effects of mild and strenuous warm-up exercise on 
cardiac response to an exhaustive type exercise. A 
secondary purpose was to investigate the effects of 
mild and strenuous warm-up on recovery heart rate from 
an exhaustive type exercise.
7DEFINITION OF TERMS
No Warm-up This term was defined as one of the 
pre-work bout conditions in which the subject participated. 
This condition represented the control condition for 
comparison purposes.
Mild Warm-up For purposes of this study, this 
term was defined as the pre-work bout condition which 
raised the subject's heart rate to 125 beats/minute 
prior to performing the exercise work bout.
Strenuous Varm-up This term was defined as the 
pre-work bout condition which raised the subject's 
heart rate to 150 beats/minute.
Heart Rate For this study heart rate was defined 
as the recorded measurement of beats per minute which 
was indicated on the meter of a Biotachometer. The 
reading actually registered the exact beat by beat rate 
at the particular instant.
W^rk Bout This term was defined as the performance 
by the subject which consisted of pedaling a bicycle 
ergometer at a designated work load. The work bout was 
performed after each warm-up condition.
Fit subject This ter* was defined as a subject's 
having an efficiency index score of eighty or above 
as measured by the Johnson and Robinson Short Form
3Harvard Step Test.10
DELIMITATIONS OF THE STUDY
The study was limited to fifty male subjects 
enrolled at the University of Southwestern Louisiana, 
Lafayette, Louisiana. Only one type of workbout was 
utilized, exercising on a bicycle ergometer until a 
heart rate of 175 beats per minute was reached. The 
pre-exercise warm-up exercise was also performed on a 
bicycle ergometer. Only two pre-exercise heart rates 
were used as the criteria for mild and strenuous wanri- 
up. The age of the subjects ranged from eighteen to 
twenty-two.
LIMITATIONS OF THE STUDY
The sleeping and eating habits of the subjects 
could not be controlled during the course of this 
study. Because of the time factor, the subjects 
were required to perform the designated work bout at 
different times of the day. The temperature conditions 
of the testing area were controlled by means of air 
conditioning units.
10Edward C. Schneider and Peter V. Karpovich 
Physiology of Muscular Activity, (Philadelphia, W. B. 
Saunders Company-, 1953) , P» E'/O•
9SIGNIFICANCE OF THE STUDY
It is generally agreed among physiologists that 
once an individual's heart rate reaches a range of 
170 to 180 beats per minute cardiac output will be 
inefficient due to the decreased diastolic filling 
times.''''*' The longer it takes an athlete to reach a 
heart rate of 180 beats per minute the more efficient 
will be his cardiac output. During warm-up, the 
heart rate will reach certain rates depending on the 
severity of the exercise used in warming-up. The 
significance of this study was to investigate the 
effect of elevating the heart rate to two different 
levels prior to performing an exercise that raised 
the heart rate to 175 beats per minute to see if there 
were significant differences in the times required 
to reach the terminal heart rate of 175 beats per 
minute. Coaches and physical educators concerned 
with an individual's performance in activities of an 
endurance type may resort to the use of passive means 
of warm-up so as to avoid elevating the athlete's 
heart rate to levels that could cause it to reach the 
mayim-im rate of 180 beats per minute too rapidly.
^Herbert A, deVries, op.cit., p. 79.
10
On the other hand, there may be no effect on the time 
required to reach a heart rate of between 170 to 180 
beats per minute during the performance of an exhaustive 
type of exercise following mild or strenuous type warm­
ups.
Recovery to a normal heart rate is an important 
aspect in athletics. The ability of an athlete to 
recover to a normal heart rate is dependent on the 
level of fitness of the individual and also on the 
severity of the exercise performed. It would be of 
significance to determine whether the strenuousness 
of warm-up would affect the speed of recovery.
CHAPTER II 
REVIEW OF THE RELATED LITERATURE
The literature was divided into three sections.
These sections included: (l) Studies which demonstrated
significant improvement in performance following warm- up;
(2) Studies in which significant improvement in 
performance did not result following wann-up; and
(3) Studies dealing with the influence of warm-up on 
heart rate performance.
STUDIES WHICH DEMONSTRATED SIGNIFICANT
IMPROVEMENT IN PERFORMANCE FOLLOWING WARM-UP
One of the primary reasons for engaging in warm-up 
prior to performing an activity requiring muscular 
effort is to bring about an improvement in the 
performance. The studies presented in this section all 
reported some improvement following the use of warm-up 
activities prior to performance.
Carlile studied the effect of a warm-up which 
consisted of exposure to hot showers of eight minutes 
duration on a group of male swimmers. In 230 trials of 
a 40-yard swim using various strokes, there was 
significant improvement at the .01 level of probability 
when the subjects were pre-heated by means of a shower.
11
12
There was a significant difference found between control 
and pre-heated performances in favor of the pre-heated 
condition.^
DeVries conducted a study to determine the effects 
of various warm-up procedures on the performance of 
competitive swimmers. The four warm-up methods were:
(1) swimming, (2) hot showers, (5) calisthenics, and
(4) massage. Timed trials of swimming 100 yards after 
each of these warm-up methods were compared with each 
other and with timed trials performed after controlled 
conditions of no warm-up.
In an effort to determine the effects of the 
various warm-up procedures upon competitive swimming 
ability, the subjects swam 195 timed trials after the 
four different warm-up conditions.
The conclusions were that swimming performances 
of highly competitive swimmers were improved by proper 
warm-up procedures. Also, swimming performance at this 
level was impaired by the improper use of warm-up. It 
was also concluded from this study that there was an 
interaction between the warm-up procedure and the types
^Carlile, Forbes, "Effect of Preliminary Passive 
Warming on Swimming Performance," Research Quarterly. 
XXVI (May, 1956), 145-51.
13
of stroke that was used which indicated that warm-up
2
was more beneficial to certain strokes.
Phillips investigated the influence of fatiguing 
wann-up exercises on speed of movement and reaction 
latency among 75 male college students. The study 
was concerned with the effects of very large amounts 
of warm-up on the speed of a standardized limb movement. 
The movement consisted of making a single horizontal 
clockwise movement sixty-three centimeters in 
circumference, and continuing without pause into a 
horizontal forward movement of twenty-eight centimeters. 
The warm-up was strenuous enough to cause considerable 
fatigue. The author concluded that severe, unrelated 
warm-up improved performance in speed of a m  movements. 
Related moderate wann-up tended to be ineffective in 
improving speed of arm movement. Reaction time was not 
influenced by severe warm-up.
Michael and others investigated the effect of 
warm-up on a softball throw for distance to determine
p
Herbert A. deVries, "Effect of Various Warm-up 
Procedures on 100-yard Times of Competitive Swimmers," 
Research Quarterly, XXX (March, 1959), 11-20.
3. William H. Phillips, "Influence of Fatiguing 
Warm-up Exercise on Speed of Movement and Reaction 
Latency," Research Quarterly, XXXIII (October, 1963), 
370-78.
14
whether warm-up improved performance in a throwing 
activity. Seventy-seven male students were given a 
softball throw for distance without warming-up, with 
five minutes of related warm-up and with a five minute 
general unrelated warm-up preceding performance. Each 
subject was given three trials on three different days 
of testing with warm-up methods alternated, so that one 
group would first be tested with no warm-up, the second 
group with related warm-up and the third group with 
unrelated warm-up.
The results of this study indicated that there were 
no differences between related and unrelated methods of 
warm-up. Additionally the subjects threw the softballs 
farther when warm-up preceeded the throws and the 
distances were significantly greater for the related 
warm-up and unrelated warm-up when compared with no 
warm-up. No significant differences were found among 
the three trials on any testing day although there was 
a trend toward slightly longer distances on the third 
throw.^
Van Huss and others studied the effects of over­
load in the warm-up period on the velocity and accuracy
Ernest Michael and others, "Effect of Warm-up on 
Softball Throw for Distance," Research Quarterly,
XXVIII (December, 1957), 357-6TI
of a baseball throw with fifty members of the University 
of Michigan State freshman baseball team. Each subject 
served as his own control in the regulation and over­
load warm-up tests. The subjects warmed-up in their 
usual manner. The maximal throws were then taken with 
a regulation baseball. The speed and accuracy of these 
throws were measured. After resting ten minutes, the 
subjects took the overload warm-up which consisted of 
fifteen throws with gradually increased velocity 
followed by ten maximal throws with an eleven ounce 
baseball. The speed and accuracy of ten additional 
throws with a regulation baseball were measured 
immediately following the overload warm-up.
Velocity was measured using a chronoscope calibrated 
to 1/1,000 of a second which was actuated by a finger 
release and stopped by a microswitch when the ball 
contacted the target.
The results of this study indicated that an over­
load warm-up significantly improved the velocity of 
throwing. Accuracy following an overload warm-up was 
altered, yielding a significantly different pattern of 
successive throws.
^W. D. van Huss and Others, "Effect of Overload 
Warm-up on the Velocity and Accuracy of Throwing," 
Research Quarterly. XXXIII (October, 1962), 472-75-
16
A study by Merlino tested the effect of pre-exercise 
massage on vertical jumping ability of college males.
The results of the study revealed that pre-exercise 
massage brought about a significant improvement of 2.6 
percent
Pacheco studied the effectiveness of warm-up on 
the vertical jumping ability of 166 eighth and ninth 
grade girls by the jump and reach test. The subjects 
made five jumps on two days one week apart. The jumps 
on one of the days was preceeded by three minutes of 
running in place as a warm-up exercise.
The findings of this study indicated that preliminary 
warm-up exercise, such as running in place, improved the 
vertical jumping performance of girls of junior high 
school age. The self-warm-up effect of one trial upon 
the next consecutive trial was a negligible factor in
7
this improvement.'
In another study which investigated the effect of 
preliminary exercise on jumping ability Pacheco found 
that a warm-up of stretching exercises, stationary
^Lawrence V. Merlino, "Influence of Massage on 
Jumping Performance," Research Quarterly, XXX (March, 
1959), 66-7^*
7
'Betty A. Pacheco. "Effectiveness of Warm-up 
Exercise in Junior High School Girls," Research 
Quarterly, XXX (May, 1959), 202-21?.
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running, and deep knee bends improved jumping 
performance. Increasing the amount of preliminary
g
warm-up resulted in improved performance.
McGavin conducted a study to determine the effect 
of different warm-up exercises of varying intensities 
on the speed of leg movement. The study revealed that
warm-up was beneficial and that unrelated high
9
intensity waim-up was not beneficial.
In a study by Rochelle and others, male students 
were given a softball throw for distance without 
warming up and with a five-minute related warm-up 
preceding throwing. To rule out the possible 
psychological effect of not making a maximum throw 
without preliminary warm-up, the subject was given a 
monetary reward for each throw greater than his 
established average. The subjects threw an average 
of 10.2 feet farther when the throws were preceeded by 
warm-up. There was a significant imporvement between
^Betty A. Pacheco. "Improvement in Jumping 
Performance Due to Preliminary Exercise," Research 
Quarterly, XXVIII (March, 1957)> 55-65.
^Robert J. McGavin, "Effect of Different Warm-up 
Exercise on Varying Intensities on Speed of Leg 
Movement,1' Research Quarterly, XXXIX (March, 1969), 
125-150.
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the first throw and the third throw when no warm-up 
preceded throwing.1^
Sills and O'Riley had college men perform five 
bouts of spot-running after they had rested, exercised, 
or received cold applications for ten minutes. There 
was a significant improvement in the number of steps 
taken following each of the three interpolated activities. 
The cold applications produced the greatest increase."^
Smith and Bozymowski used an attitude inventory to
study whether college women had a more or less favorable
attitude toward warm-ups. The subjects participated in
an obstacle race following a three-minute warm-up and
also without warm-up. Results indicated that the
subjects' attitudes toward warm-up significantly
affected performance. The performance improved when
warm-up was given if the attitude toward warm-up was
favorable. Warm-up did not improve performance when
12the attitude was unfavorable.
^R. H. Rochelle, Vera Skubic, and E. L. Michael. 
"Performance as Affected by Incentive and Preliminary 
Warm-up," Research Quarterly, XXXI (October, I960), 
499-504.
1:LSills, Frank D. and Vernon E. O'Riley, "Compara­
tive Effects of Rest, Exercise and Cold Spray upon 
Performance in Spot Running," Research Quarterly,
XXVII (May, 1956), 217-219.
^Judith L. Smith and Margaret F. Bozymowski, "Effect 
of Attitude Toward Warm-up on Motor Performance,"
Research Quarterly, XXXVI (March, 1965)» 78-85*
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Swegan and others studied the effect of repetitions
of arm movements on the speed of a simple arm extension
movement from 69 to 180 degrees. The conclusions
indicated that repetition , as a form of wann-up, tended
to produce faster movement times on a simple arm
extension movement. The more repetitions that were
15given, the faster the movement.
College students were tested by Thompson to 
determine if formal warm-up which consisted of an 
imitation of the activity itself or informal warm-up, 
which consisted of a free movement type of wann-up 
affected speed, endurance, accuracy, and strength in 
various activities. The conclusion of the study 
indicated that formal warm-up improved speed in 
swimming thirty yards, the number of laps swum in five 
minutes, accuracy in foul shooting, and accuracy in 
bowling but did not improve speed or accuracy of 
typing. Informal warm-up did not improve speed in 
swimming thirty yards, number of laps swum in five
14-minutes, speed or accuracy of typing, or leg strength.
15^Donald B. Swegan, Gene Yankosky, and James A. 
Williams III. "Effect of Repetition Upon Speed of 
Preferred-Ann Extension," Research Quarterly, XXIX 
(March, 1958), 74-82.
14Hugh L. Thompson "Effect of Warm-up Upon 
Physical Performance in Selected Activities," Research 
Quarterly, XXIX (May, 1958), 251-46.
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Raines sought to determine the effects of three
procedures on the maximum running time of fifteen
subjects who were tested by running in place for
thirty seconds. It was concluded that optimum warm-up
alone resulted in better performance than did the use
of either a cold pack in combination with an optimum
warm-up, or the use of a hot shower in place of an
optimum warm-up. The mean optimum warm-up time for
fifteen subjects was 616 minutes and the range in time
15was three to eleven minutes. ^
Creek studied the effect of an overload warm-up 
on the accuracy of throwing a twelve-inch softball. 
Seventy-four inexperienced softball players were 
randomly assigned to two groups. One group used a 
regulation softball for warm-up prior to throwing; the 
other used a weighted softball for warm-up. Accuracy 
of throwing was measured on ten throws at a rectangular 
target. Warm-up with a weighted softball had an adverse 
effect upon accuracy, although with repeated tests 
this effect appeared to diminish, leading to the
^^Paul A. Raines, "The Effect of a Warm-up, a 
Cold Pack, and a Hot Shower Upon Performance 011 the 
Step and Counter” (microcarded Master's thesis,
State University of Iowa, Iowa City, 1952), pp. 1-56.
21
possible conclusion that inexperience in throwing a 
softball might be related to the adverse effect of 
overload warm-up.^
Glidewell investigated the effects of various 
warm-up procedures on speed of reaction, speed of 
movement, strength, and power of the leg muscles.
The following warm-up procedures were used: (1) no
warm-up with a ten minute rest period prior to testing;
(2) passive warm-up which consisted of a twenty minute 
period with the legs between two electric blankets;
(3) a cooling period consisting of a ten minute period
with the legs encased in two ice bags; and (h) an overload
warm-up which consisted of exercises performed while
wearing a weight vest and leg weights. Analysis of
variance revealed no pattern of differences except that
performance on most tests was significantly lower after
cooling the muscles than after other treatments. A
tabular analysis suggested that warm-up was an individual
matter since some subjects performed consistently better
17with a certain type of waim-up. '
l^Ronald E. Creek, "The Effect of Overload Waxm-up 
on the Accuracy of Throwing a Twelve-Inch Softball" 
(microcarded Master's thesis, Eastern Illinois University, 
Charleston, 1964), PP* 1-62.
^William F. Glidewell, "An Investigation of Various 
Warm-up Procedures in Relation to Physical Performance" 
(microcarded Doctoral dissertation, University of Texas, 
Austin, 1964), pp. 1-64.
22
In a study by Blank, the effects of two types of 
warm-up patterns on speed in running were determined. 
The study consisted of two experiments. In the first 
experiment sixteen experienced track and field 
athletes were divided at random into two groups and 
timed daily in the 130 yard dash for twenty-two 
consecutive days. One group participated in the time 
trials following the optimum warm-up pattern while the 
other groups underwent similar recorded runs preceded 
by a minimum pattern of activity. The warm-up routines 
were interchanged on aLtemate days. In the second 
experiment, forty-eight individuals with no prior track 
and field experience volunteered as subjects, but only 
thirty-eight completed the research procedure. Again, 
the alternating pattern was employed, but the distance 
run was reduced to 100 yards.
Conclusions that were drawn from this study
revealed that an extensive warm-up was of benefit to
performance in sprinting. Further results indicated
that there was no apparent difference between the
effect of the warm-up routines upon experienced and
18non-experienced individuals.
l®Lane B. Blank, "Effect of Warm-up on Speed," 
Athletic Journal, XXXV (January, 1955), 45-56.
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In a study conducted by Asmussen and B^je using; 
four subjects it was found that a warm-up consisting 
of thirty minutes of pedaling on a bicycle ergometer 
at 660 kgm. per minute, followed by thirty minutes 
of rest resulted in consistently decreased times for 
test rides of 956 kgm per second (comparable to a 
100-meter sprint) and 9,860 kgm. per minute (comparable 
to a 1500-meter run). The decreases in time, involving 
numerous trials for each subject, ranged from 2.7 to 
8.0 percent. Although one of the primary purposes of 
this study was to determine the effects of warming-up 
on the temperature increase in muscle, it was helpful 
in determing that preliminary warm-up had some
19benefits in regard to performance by individuals.
Burke studied the relationships between physical
performance and warm-up procedures of varying intensity
and duration. The study was composed of four separate
sub-experiments, designed to assess the effects of a
particular kind of non-specific active warm-up exercise
on strength, speed of movement, endurance, and accuracy
performance, respectively. The warm-up exercise was
*
19Eiling Asmussen and Ove Bj^ je. "Body Temperature 
and Capacity for Work," Acta Physiologies Scandinavia, 
X (August, 19^5)* 1-22.
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bench-stepping, with three variations of duration and 
three variations of intensity (or cadence), yielding 
nine different combinations of intensity and duration. 
The performance factor of strength was measured by a 
maximum static contraction of the knee flexors, using 
a cable tensiometer. The performance factor of speed 
of movement was measured by counting the maximum 
number of right foot placements which could be made 
during ten seconds of running in place (spot running). 
The performance factor of endurance was measured by 
the Carlson Fatigue Curve Test, counting the total 
and component number of steps made with the right foot 
during ten bouts of spot running, each of ten seconds 
duration with ten seconds of rest interposed between 
successive bouts. The performance factor of accuracy 
was measured by a shuffleboard-type of target test 
in which wooden disks were propelled along the floor 
by a controlled submaximal push with the dominant foot. 
In each sub-experiment the subjects were tested twice, 
once after a warm-up and once after a period of rest.
The conclusions were varied with respect to the 
effect that warm-up had on the different activities.
The lesser intensities and duration of specific warm-up 
did not have a significant effect on strength scores,
25
but the optimal combination of intensity and duration 
of warm-up improved strength scores. The benefits 
regarding speed of movement, endurance, or accuracy 
were not significantly produced by warm-up. It was 
further concluded that specific warm-up seemed to be 
more beneficial than non-specific warm-up provided
20that suitable intensities and duration are employed.
An investigation by Grodjinovsky and Magel 
studied the effect of warm-up on running performance.
The subjects were thirteen male students enrolled in 
regular physical education classes. The subjects 
were non-athletes but were in above average physical 
condition as indicated by their performance on a 
physical fitness test. Two different warm-up procedures 
were compared with no warm-up as to how they affected 
performance in running a 60-yard, 440-yard, and mile 
events.
Regular and vigorous warm-up improved performance 
of running time significantly in the 60-yard and 440- 
yard events as compared to no warm-up. However, there 
was no significant difference between the two experimental
20R. K. Burke, "Relationship Between Physical 
Performance and Warm-up Procedures of Varying Intensity 
and Duration" (microcarded Doctoral dissertation. 
University of Southern California, Los Angeles, 1957)» 
pp. 1-145.
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conditions. Vigorous warm-up improved performance
in the one»mile run significantly more than did either
regular warm-up or the control. Performance in the one
mile run following regular warm-up was not significantly
different from that following the control condition.
There were no significant differences between oxygen
uptakes obtained during maximal treadmill running
21following the three wann-up conditions.
Warner explained the advantage of a thorough warm­
up in relationship to cross-country running. The 
advantages given were these: (1) injuries were reduced,
(2) required physiological adjustment took place,
(5) psychological adjustments were made, and (4) 
neuromuscular coordination improved. The author 
further stated that pulled muscles were kept to a 
minimum with adequate warm-up. An adequate wann-up for 
a cross country runner consisted of twenty to thirty 
minutes of various calisthenics, a jog of one to one 
and a half miles over a few hills, four 110 yard 
sprints at three fourths speed and an easy jog of about 
one half mile. It was also recommended that the 
participants should relax about fifteen minutes after
21Amos Grodjinovsky and John R. Nagel, "Effect 
of Warm-up on Running Performance," Research Quarterly, 
XLI (March, 1970), 116-118.
27
the warm-up and ten minutes before the race by doing
22some easy jogging.
Van Grundy reviewed numerous warm-up studies 
related to physical performance and found all studies 
to indicate benefit to motor skill performance. The 
following conclusions were drawn:
1. The type of skill to be performed demanded 
certain approaches to warm-up.
2. The method of warm-up was an important factor.
3. Physical condition, age, sex, and psychological 
condition were factors that played an important 
part in the results of warm-up.
4. The intensity of the warm-up period made a 
difference in the effect of the warm-up.
5. The length of the rest period between warm-up
and performance of the activity had a signifi-
23cant effect on the warm-up benefits.
22John Warner, "Warm-up for Cross Country," 
Journal of Health, Physical Education and Recreation,mr CgepTem5er7 "T 9 W  ---------------------
^William Van Grundy, "More About Warm-up" 
Scholastic Coach, XXXTV (May, 1965), 37-39.
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SUMMARY OF STUDIES WHICH DEMONSTRATED SIGNIFICANT
IMPROVEMENT IN PERFORMANCE FOLLOWING WARM-UP
Two studies found passive waim-up to be effective 
in improving performance.
Three studies determined that warm-up was 
beneficial to performance in swimming.
Four studies found that various types of warm-up 
produced significant improvements on accuracy, distance 
and velocity of throwing a ball.
Three studies found that warm-up was effective in 
producing improvement in jumping performance.
Four studies produced evidence that warm-up was 
beneficial to speed of movement of a particular part 
of the body and reaction time.
Four studies determined that warm-up significantly 
improved the running performance of subjects.
One study investigated the attitudes of college 
women toward warm—up. It was concluded that attitude 
toward warm-up significantly affected performance.
One study explained the advantage of a thorough 
warm-up for cross-country runners.
One study reviewed numerous studies and found 
that all indicated benefit to motor skill performance 
resulted.
29
STUDIES IN WHICH SIGNIFICANT IMPROVEMENT 
IN PERFORMANCE DID NOT RESULT FOLLOWING WARM-UP
Grose studied the effect of heat, cold and massage
on factors of strength and fatigue in human muscles.
Twelve subjects were used in this study and each
performed four tests which consisted of squeezing a
grip ergometer maximally 180 times in six minutes to
the beat of a metronome. The results indicated that
pre-exercise massage did not influence the fatigue
curve in any manner. The application of heat for eight
minutes did not significantly change the initial strength
and reduced the amount of work the muscle did during
the first few minutes of exercise. The rate of fatigue
was slower in the cold muscle, but the initial strength
24was decreased by 11 percent.
Carter studied the effect of warm-up activities 
on fatigue in performing an endurance event. Fifteen 
subjects engaged in pedaling a bicycle ergometer to 
exhaustion at a speed of 15 MPH with a 7.5 pound 
resistance after no warm-up, after one minute and after 
10 minutes of warm-up. The warm-up consisted of 
pedaling on the ergometer at a speed of 10 MPH with no
24Joel E. Grose, "Depression of Muscle Fatigue 
Curves by Heat and Cold," Research Quarterly, XXVIII 
(March, 1958), 19-51.
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load for the required length of time. A two minute 
rest period was employed following the waim-up. Mean 
duration of performance was significantly greater 
with no warm-up compared with both one-minute and five- 
minute warm-ups. Warm-up appeared to be of no benefit 
with respect to endurance as far as this study vas 
concerned.
A study by Hansen investigated the relationship 
of different types of warm-up to performance in the 
hAO-yard run. Three varsity and three freshman members 
of the Iowa track squad served as subjects. Each subject 
ran AAO-yards after no warm-up and after a 10-minute 
warm-up. After running each subject walked and jogged 
for 20 minutes and then ran another 4A0-yards. Each 
subject was tested three times for each procedure. No 
significant relationship was found between the running
time in the hAO-yard run and the three procedures of
26warm-up.
The effect of passive heating with short-wave 
diathermy on the strength of one maximum contraction of
^Lawrence F. Carter, "Effect of Warm-up Activities 
on Fatigue in Endurance" (microcarded Masters thesis, 
University of California at Los Angeles, 1959), pp. 1-76*
^Gary F. Hansen, "Relationship of Different Types 
of Warm-up to Performance in the AAO-yard Run" (micro- 
carded Masters thesis, University of Iowa, Iowa City,
r>5q), pp. 1-66.
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elbow flexor muscles and the number of repetitions of 
a submaximal gripping exercise was studied by Sedgwick 
and Whalen. This passive heating had a significant 
effect in decreasing the amount of muscular strength.
27There was no significant effect on muscular endurance.
In a study by Massey and others, the effect of 
warm-up exercise upon muscular performance using 
hypnosis to control the psychological variable was 
investigated. Fifteen subjects were used in this study. 
They ranged from twenty-one to thirty-two years with a 
median age of twenty-four and two-tenths years. The 
subjects appeared to be in normal health and in good 
physical condition. All were college athletes and/or 
physical education majors.
The subjects were tested on four different days. 
Only one test ride was taken by a subject on any given 
day. The test consisted of pedaling a bicycle ergometer 
100 revolutions against time after 10 minutes of over­
all body warm-up and after no warm-up. The subjects 
were tested four times, two following each condition. 
They were in a hypnotic state prior to all testing and
^A. W. Sedgwick, and H. R. Whalen. "Effect of 
Passive Waim-up on Muscular Strength and Endurance," 
Research Quarterly. XXXV (March, 1964), 45-59*
did not know whether or not they had warmed-up. 
Throughout the four test rides, the performance of the 
subjects steadily improved in mean riding times. The 
fastest mean times occurred following no warm- up.
The differences in time, however, were small and not
pQ
statistically significant.
An investigation to determine the effect of 
warm-up on performance in the 440-yard dash was 
conducted by Mathews and Snyder. Fifty high school 
students participated in this study. A secondary 
purpose was to record the number of injuries sustained 
during the experimental period. Each subject was 
timed while running under four conditions which 
consisted of the following:
1. First time running "warm."
2. First time running "cold."
5. Second time running "warm."
4. Second time running "cold."
It was found that warming-up prior to performing 
the 440-yard dash did not significantly improve the 
time over running the same distance without a
^®BenJamin H. Massey. Warren R. Johnson, and 
George F. Kramer, "Effects of Warm-up Exercise Upon 
Muscular Performance Using Hypnosis to Control the 
Psychological Variable," Research Quarterly, XXXI, 
(March, 1961), 63-71. -------- ---------
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preliminary warm-up. No injuries were observed or
29reported during the testing period.
Karpovich and Hale conducted a study which 
compared three methods of warm-up as to their effects 
on the times made by seven athletes in a 44-0-yard run. 
The means were obtained from twenty runs after five 
minutes of deep massage of each leg, twenty runs 
after five minutes of superficial massage (digital 
stroking) of each leg, and twenty runs after preliminaiy 
exercise. No significant differences were found.
In a second experiment by the same investigators 
the performances of five runners in the 440-yard run 
without warming-up exercise were compared with their 
performances after superficial massage. Again the 
difference was insignificant. In a third experiment 
an attempt was made to verify reports of other 
investigators that warming up by preliminary exercise 
improved performance. The test consisted of completing 
thirty-five pedal revolutions of a bicycle ergometer 
in the shortest possible time, the amount of work being 
956 kg/m. The warm-up exercise consisted of sixty pedal
Donald K. Matthews and Alan H. Snyder, "Effect 
of Warm-up on the 440-yard dash,” Research Quarterly. 
XXI (December, 1959), 446-451.
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revolutions per minute for five minutes with a load 
of 315 lb. (2.3 kg). It increased the mean muscle 
temperature by 1.3°C, but the effect upon performance 
again was not significant. Outstanding performances 
in the first experiment were made by men who had 
warmed up by deep massage, but an outstanding 
performance in the second experiment was made by a man 
who had not done any preliminary warming-up. In these 
experiments neither deep nor superficial massage nor 
preliminary exercise improved the time of running. 
There was no evidence that massage had a beneficial 
psychological effect on the runner or that preliminary 
exercise improved sprint performance on the bicycle 
ergometer.
SUMMARY OF STUDIES IN WHICH SIGNIFICANT IMPROVEMENT 
IN PERFORMANCE DID NOT RESULT FOLLOWING WARM-UP
Seven studies were reviewed in which significant 
improvement in performance did not result following 
some type of warm-up condition.
Three studies found that the effects of various 
warm-up procedures on the performance of a 440-yard
^Peter V. Karpovich and John Hale, "Effect of 
Waiming-up Upon Physical Performance," Journal of 
the American Medical Association , CLXII (November,
T ^ f e T T  U 17- 1T W - --------------------
35
run were not beneficial.
Two studies determined that passive types of 
warm-up had no effect on improving the strength and 
endurance in muscles.
One study found that the effect of warm-up on 
fatigue in performing an endurance event was not 
significant.
One study found that the use of hypnosis to control 
the psychological variable had no influence on the 
effects of waim-up on performance.
STUDIES DEALING WITH THE INFLUENCE OF 
WARM-UP ON HEART RATE
Simpson conducted a study to compare the effect 
of formal warm-up and informal warm-up on terminal 
heart rate of subjects in three different age groups 
during a standard exercise on the bicycle ergometer.
An electrocardiogram was used to determine heart 
rates. Ten subjects for each age group made up the 
sample for this study. The three age levels were 
junior high school, college and adult. Formal warm-up 
was a 1.5 minute bicycle ride at a specified work load, 
and infomal warm-up was a calisthenic routine for 
five minutes. Each warm-up routine and no warm-up 
condition was followed by a standardized five-minute
36
bicycle ergometer exercise.
Among the findings were that, for junior high 
school and college age males, neither informal or 
formal warm-up significantly affected terminal heart 
rate during a standardized bicycle ride; and adult 
men had significantly higher terminal heart rates 
after a bicycle ride that was preceded by a 
calisthenics type warm-up, but not when the exercise 
was preceded by a warm-up of bicycle riding.^1
Howard and others compared the effects of warm-up 
and an absence of warm-up on the heart rate during 
specified exercise routines. There was special 
emphasis given in this study to the anticipatory 
increase in heart rate, the maximum heart rate attained 
while performing the exercise routines, and the 
recovery decrease in heart rate. An analysis of the 
relationship between the maximum heart rate and the 
Harvard step test was also included in the study.
Subjects used in this study were eight members 
of the University of North Carolina track and cross
31E. LeRoy Simpson, "The Influence of Warm-up 
Upon Exercise Heart Rate at Three Age Levels" 
(microcarded Doctoral dissertation, University of 
Arkansas, Fayetteville, 1968), pp. 1-89.
country team. The sample included sprinters, middle 
distance runners, and long distance runners.
Each subject had to complete four exercise 
routines and the Harvard step test. The exercise 
routines were representative of the normal exercise 
that the track athletes received during a workout.
The routines were paired so that the only difference 
between the routines in any pair was the warm-up.
The exercise routines were as follows:
Routine I. Fifteen 100-yard runs at a moderate
pace (20-25 sec per 100-yards) in 
succession, without warm-up.
Routine II. Fifteen 100-yard runs at a moderate
pace (20-25 sec per 100-yards in 
succession, after warm-up.
Routine III. A 440-yard run, executed in 65 sec.
without a warm-up.
Routine IV. A 44G-yard run, executed in 65 sec.
after a warm-up.
Routine V. A Harvard step test.
A radiotelemetry system was used to measure, 
relay and record the heart rate of the athletes during 
the test exercises. Each subject was notified of each 
test day one day in advance. If the subject was to
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perform his exercise routine after a warm-up, he was 
instructed to warm-up in the manner that he usually 
followed before reporting for his daily practice 
schedule. The warm-up consisted of from ten to 
fifteen minutes of jogging, calisthenics, and 
stretching exercises. Only one type of warm-up was 
used in this study prior to performing the exercise 
routine.
No significant differences were found between 
the maximum heart rates of subjects when exercises were 
performed with and without a warm-up. The differences 
between recovery rates and the differences between 
anticipatory rates were also insignificant.
A significant negative correlation existed 
between maximum heart rate achieved during strenuous 
exercise and the Harvard step test score. Mild 
exercise produced a non-significant correlation between 
these two variables. A significant relationship was 
found between recovery rates for strenuous exercise and 
the Harvard step test scores. A small positive correla­
tion between the anticipatory increase in heart rate and
3 ?the recovery decrease in heart rate was noted.
^Gordon E. Howard and Others, "Effect of Warm-up 
on the Heart Rate During Exercise," Research Quarterly, 
XrXVT (October, 1966), 360-367.
la
In a study by Falls and Humphrey the effect of 
length of cold showers on skin temperature and exercise 
heart rate was investigated. After subjecting the ten 
subjects in the study to cold showers (6h°F) for 3,
6, and 9 minutes , a walk on a treadmill was administered 
with a work load requiring an exercise heart rate of 
approximately 170 beats/minute. Analysis of variance 
showed significantly lower exercise heart rates after 
all three shower conditions, but those after the 9- 
minute shower were significantly lower than after the 
3-minute shower. Recovery heart rates were not 
significantly different after either of the conditions.'"
Falls and Weibers investigated the effects of 
pre-exercise conditions on heart rate and oxygen 
uptakes during exercise and recovery. In this study 
the purpose was to investigate the effects of four 
pre-exercise warm-ups and rest on heart rate and 
oxygen uptake. Five subjects rode a bicycle ergometer 
at 1080 kgm/minute for five minutes. Heart rate and 
0^  uptake during exercise and recovery were measured.
c_
Exercise heart rate and recovery oxygen uptake were
7j 7
"'"Harold B. Falls and L. Dennis Humphrey, "Effect 
of Length of Cold Showers on Skin Temperatures and 
Exercise Heart Rate," Research Quarterly, XLI (October, 
U70), 3r'7~360.
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found to be significantly lower after a cold shower than
after the other conditions. There was a significant
interaction between subjects and pre-exercise conditions
54on recovery heart rate.
In a study by Bole* distance runners from Central 
Michigan University were used as subjects. Each subject 
completed a pair of exercise routines in which the 
variable between the pair was warm-up. Continuous 
recording of the heart rate of each subject was made 
during the tests by means of a radio-electrocardiograph. 
The radio-electrocardiograph was connected to a tape 
recorder so that the counting of the heart rate could be 
done after the tests.
The tests consisted of stepping up and down on 
a twenty inch bench at a rate of twenty-five complete 
steps per minute for ten minutes. A wara-up was used 
that simulated that of a distance runner before a race. 
The warm-up consisted of calisthenics, running in 
place, and stepping on a bench.
Each subject took the test with and without the 
warm-up. The heart rate was recorded for each successive
Harold B. Falls, and Jacob E. Weibers, "The 
Effect of Pre-Exercise Conditions on Heart Rate and 
Oxygen Uptake During Exercise and RecoveIy,,, Research 
Quarterly. XXXVI (October, 1965), 245-252.
41
minute of the test. The mean heart rate for the warm-up 
and no warm-up groups was plotted on a graph. The 
warm-up mean heart rate was higher throughout the tests. 
The difference ranged from a maximum of ten to a minimum 
of two beats per minute. The difference in means was 
tested for significance by the student t. The differences 
noted were not significant at the five percent level of 
confidence
Howard, Blyth, and Thorton studied the heart rate 
of athletes during exercise with and without warm-up.
Each of their subjects was asked to complete two pairs 
of exercise routines in which the variable within the 
pairs was the warm-up. The mild pair of exercise 
routines consisted of fifteen 100 yard runs at a 
moderate pace in succession, before and after a wann-up. 
The warm-up consisted of from 10 to I'y minutes of 
jogging, calisthenics, and stretching exercises. The 
following variables were compared using an analysis of 
variance technique:
^Ronald Bole, ’’Effect of Warm-up on Heart Rate 
and Endurance" (microcarded Master's thesis, Central 
Michigan University, Kalamozoo, 1964), pp. 1-67.
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1. The maximum heart rates attained during 
the exercise routines performed before and 
after a warm-up.
2. The anticipatory increase in heart rate, as 
measured during the 60 second period prior 
to the onset of exercise, for the exercise 
routines performed before and after a warm-up.
3. The recovery decrease in heart rate for the 
routines performed before and after a warm-up.
Although the maximum heart rates were generally 
higher for those routines completed after a warm-up, 
the difference was not statistically significant at 
the five percent level of confidence. Likewise, the 
differences between anticipatory heart rates, and 
between recovery rates were not significant.
Elbel, using fifty college male subjects who were 
enrolled in courses demanding regular physical activity, 
compared pre-exercise heart rate with heart rates 
following three different periods of activity. The 
three work bouts were the step-up exercise for thirty
^G. E. Howard, C. S. Blyth, and W. E. Thorton,
"A Study by the Continuously Recorded, Telemetered 
Heart Rate of Track Athletes During Exercise," 
Unpublished paper presented to the Research Section 
of the 1964 National Convention of the American 
Association for Health, Physical Education and 
Recreation, pp. 1-24.
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seconds at a rate of eighteen steps per minute, sixty
seconds at a rate of eighteen steps per minute, and
for sixty seconds at a rate oi thirby-six steps per
minute. In order to determine the relationship between
the pre-exercise pulse rates and the after-exercise 
rates, the data for each type of exercise were 
analyzed in accordance with the pre-exercise rates.
The coefficients of correlation between the pre-exercise 
pulse rate and increase due to the step-up exercise 
done at the rate of eighteen steps per minute for 
periods of thirty and sixty seconds were insignificant. 
There was a negative correlation between the pre-exercise 
pulse rate and the increase between the pre-exercise 
performed at the rate of thirty-six steps per minute 
for sixty seconds. The three groups classified according 
to pre-exercise pulse rate were compared, and it was 
found that there was not a true difference among the 
mean pulse rate increase of the three groups following 
mild and moderate exercise. Following the workbout 
for sixty seconds at a rate of thirty-six steps per 
minutey it was found that a true difference did exist 
between the mean increase for the low pulse rate group 
and the group with a rapid pre-exercise pulse rate.
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This difference was in favor of the low pulse rate 
37group.
SUMMARY OF STUDIES DEALING WITH THE 
INFLUENCE OF WARM-UP ON HEART RATE
Seven studies were reviewed which had some 
relationship between warm-up and its influence on 
heart rate.
One study found that warm-up had no influence 
on terminal heart rate for one group and for another 
group terminal heart rates were higher after warm-up.
One study determined that there were no significant 
differences found between maximum heart rates obtained 
during exercises performed with and without warm-up.
One study found that cold showers of various 
durations significantly affected the heart rate.
One study determined that the use of cold showers 
was significantly better than otherv/arm-up conditions 
for lowering exercise heart rate and oxygen uptake.
One study determined that there was no difference 
in heart rates attained in performing an exercise when 
the subjects performed with or without warm-up.
^Edwin R. Elbel, "Thg Relationship Between Pre- 
Exercise and Post-Exercise Pulse Rates," Research 
Quarterly. XII (October, 1964), 222-228.
One study found that maximum heart rates achieved 
in performing an exercise routine after a warm-up 
were not significantly different from those obtained 
after performing with no warm-up. Differences between 
anticipatory heart rates and recovery heart rates were 
not significant.
One study determined that the relationship 
between pre-exercise pulse rate and the pulse rate 
after exercise was not significant when the exercise 
was of a mild nature. When the exercise was more 
strenuous a significant relationship did exist between 
pre-exercise pulse rate and after exercise rate in 
favor of the low pulse rate group.
CHAPTER III
DESCRIPTION OF PROCEDURE 
OVERVIEW
Fifty male subjects enrolled at the University of 
Southwestern Louisiana, Lafayette, Louisiana performed 
a work bout which consisted of pedaling a bicycle 
ergometer at a given rate following three different 
pre-work bout conditions. One of the conditions 
consisted of raising the subject's heart rate to 125 
beats per minute and the second condition consisted of 
raising the subject's heart rate to 150 beats per 
minute. For both of these conditions the subjects 
rested following the raising of the heart rate to the 
specified levels until the heart rate recovered to 
100 beats per minute prior to performing the work bout. 
A third condition consisted of performing the work 
bout with no prior warm-up.
Following the warm-up conditions and the no wann- 
up condition, the subjects performed an exercise 
consisting of pedaling on a bicycle ergometer with a 
work load of 150 foot pounds per second. A pedal 
revolution speed of 85 RPH was maintained during the 
perfoimance. The work bout was terminated when the
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subject*s heart rate reached 175 beats per minute.
The heart rate of the subject was relayed by 
means of a biotelemetry system and recorded by a 
biotachometer.
Subjects were all in the same general category 
of physical fitness. The fitness level was determined 
by the short form of the Harvard Step Test1 , which was 
administered prior to the gathering of data.
The measure of performance for purposes of 
analysis was the time taken to arrive at a heart rate 
of 125i 150, and 175 beats per minute. Also the time 
required for the heart rate to recover to 100 beats 
per minute was analyzed.
A randomized block design with three levels of 
treatment replicated 50 times was utilized in the 
analysis. Analysis of variance was used to determine 
the significance of the difference among the three 
conditions, and regression was computed to further 
analyze the differences among the three pre-exercise 
conditions. A coefficient of correlation wa3 also 
computed to determine the relationship between 
starting heart rate and recovery time.
1Edward C. Schneider and Peter V. Karpovich, 
Physiology of Muscular Activity. (Philadelphia: W. B.
Saunders Company, 195^), p. .
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SELECTION OF SUBJECTS
The subjects in this study were fifty male college 
students ranging in age from eighteen to twenty-two 
years from the activity classes at the University of 
Southwestern Louisiana, Lafayette, Louisiana. A step 
test was administered to 135 subjects to establish 
fitness level. From this number, fifty subjects were 
selected on the basis of their scores on the physical 
fitness test. To qualify, a student had to score 80
2
or above on the short form of the Harvard Step Test.
TESTING EQUIPMENT
Collins Pedal Mode Ergometer
The Collins Pedal Mode Bicycle Ergometer was used 
for the work bout performance on the subjects in this 
study. The ergometer was the Model P4300, which 
provided an adjustable workload of 25 to 400 watts per 
second, 25-40 kilogram meters per second, and 20-500  
foot pounds per second. It was reported to be accurate 
within two percent.
The ergometer had a Pedal Unit attachment which
p
Schneider and Karpovich, loc. cit., p* 2?0.
X
Collins Pedal Mode Ergometer, Warren E. Collins, 
Inc., Braintree, MasBachussetts.
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actually established the workload for the subjects
during testing. This unit also provided control and
monitoring of the workload. The Pedal Unit had a
workload meter calibrated in watts per second, kilogram
meters per second, and foot pounds per second and a
potentiometer control for workload adjustment. It
also was equipped with a pedal speed meter to indicate
pedal revolutions per minute. The speed range was from
0 to 120 pedal revolutions per minute.(See Figure l)
4.
Seth Metronome
A spring operated Seth Thomas Metronome was used 
to establish and maintain the cadence used by the 
subjects in the performance of the step test.
£ and M Biotelemetry Systenr
E and M Telemetry Systems were designed to permit 
the remote monitoring of physiological data from 
unrestrained subjects or from subjects in relatively 
inaccessible or hazardous locations. Light weight 
battery-operated transmitters were designed to be 
able to be attached to small or large subjects w!;h a 
minimum of interference. The receivers were specially 
designed to maximize the usable range from transmitters
Metronome, Seth Thomas Clock, Thomaston, Connecticut.
and M Biotelemetry System, Narco Bio Systems, Inc., 
Houston, Texas.
FIGURE 1
AN ILLUSTRATION OF THE COLLINS PEDAL MODE ERGOMETER
AND PEDAL CONTROL UNIT
whose power output is restricted by FCC regulations. 
Usable transmission range depends upon the local radio 
frequency environment and normally are capable of 
extending several hundred feet. (See Figure 2)
Biotachorneter^
The Biotachometer BT-1200, a self-contained, line- 
powered, solid-state device was designed for accurate 
measurement of heart and respiration rates. The dial 
provided for the recording of heart rates from 10 to 
1200 beats per minute in four ranges. Other fc?atures 
included a built-in preamplifier providing an input 
range of SO microvolts to 10 volts, and selective 
filtering of 60 cycle interference or other unwanted 
signals. The linear rate output, either beat-to-beat 
or average was compatible with physiograph recording 
systems and most other recorders, oscilloscopes, 
computer equipment, and tape systems. (See Figure 3) 
Step Bench
A wooden bench twenty inches high, twelve inches 
in depth and fifteen feet long was used to administer 
the Johnson and Robinson Short Form of the Harvard 
Step Test.''7
6Ibid.
^Schneider and Karpovich, loc.cit. p. 270.
FIGURE 2
E AND H BIOTELEMETRY SYSTEM TRANSMITTER AND RECEIVER
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FIGURE 3
AH ILLUSTRATION OF THE NARCO-BIO-SYSTEMS BIOTACHOMETER
r;4
Stop Watch
A Minerva sweep—second hand stop watch, calibrated 
to one-tenth of a second was used to measure the time 
involved in performing. The stop watch was also used 
in administering the step test.
TESTING AREA
The bicycle ergometer and other testing equipment 
was located in an activity room in the Men’s Gymnasium 
on the campus of the University of Southwestern Louisiana. 
A private testing room was made possible by the 
construction of a plywood wall across the width of the 
activity room which reduced its size by a third. The 
wall was constructed by the investigator with the aid 
of a carpenter. The floor area of the testing room was 
18 feet wide, 24 feet long with a 12 foot ceiling. The 
testing room was equipped with a 19,000 BTU air 
conditioner. Two other air conditioners were located 
in the other part of the activity room which also 
helped in the regulation of the temperature. The air 
conditioners were thermostatically controlled and the 
temperature was kept within a range of seventy to seventy- 
four degrees Fahrenheit. The air conditioners were turned 
on well before any testing session in order to assure the 
proper temperature.
TESTING PROCEDURES
Step Test for Subject Selection
The Johnson and Robinson Short Form of thf? Harvard
Q
Step Test was used to establish the fitness level of 
the subjects. The test was performed by from one to 
five subjects at a time. Each subject was assigned to 
another subject who was equipped with a stop watch to 
record the length of exercise time in seconds and to 
take the pulse count. The test was performed on a bench 
twenty inches high at a rate of thirty steps per minute 
for a duration of five minutes, or until the subject was 
no longer able to maintain the cadence. The cadence 
was established by means of a metronome and the time 
was kept by a stop watch. The master timer positioned 
each subject in the starting position with one foot on 
the step bench. Each counter started his watch on the 
signal from the master timer. On the command, "stop/' 
or if a subject was unable to continue, the subject was 
instructed to sit down. One minute after cessation of 
exercise the pulse rate was taken for a thirty second 
period. The pulse count was taken at the carotid 
artery. In the event a subject could not maintain the
8Ibid. p. 2?0.
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cadence, the individual who was assigned to that 
subject determined the duration of exercise and the 
one minute interval following cessation of exercise 
with a stop watch. If all subjects being tested 
completed the five minute exercise period, only the 
master watch was used. The timer alerted the pulse 
counters shortly before the minute after exercise had 
expired, and upon the signal to "start" the pulse 
count was taken for a period of thirty seconds. The 
pulse count from 1-Vk minute duration after exercise 
and the number of seconds of exercise performed was 
recorded for each subject taking the test. The index 
of physical efficiency was computed using the following 
formula:
T , 100 x Duration of Exercise (in seconds)
x^5- 5 x pulse count from 1-1^ minutes 
duration after the exercise.
The above index of physical efficiency was
interpreted as follows:
Above 80 = good physical fitness
50 - 80 = average physical fitness
Below 50 * poor physical fitness
Establishment of the Work Bout
A pilot study was conducted by the investigator
in order to detennine the type of work bout that would
best enable the subjects to reach the desired heart 
rate measures. Through trial and error, several work 
bouts were performed by the subjects taking part in 
the pilot study. The primary objective of this phase 
of the study was to determine a work bout that would 
accurately measure the cardiac responses of the 
subjects and yet not be a test of muscular strength. 
In other words, the ergometer work load had to be 
demanding enough to enable the subject to reach a 
heart rate of 173 beats per minute, but not be so 
rigorous that the individual with strong legs had a 
decided advantage. A work load of 130 foot pounds pe 
second was finally selected as the most suitable 
workload. The pedal revolution speed of eighty-five 
pedal revolutions per minute was also found to be 
the speed that could be maintained by the subjects 
while performing under the prescribed work load, 
without requiring the subject to strain unnececsarily 
This speed was also selected because it enabled the 
subjects to reach the desired heart rate of 173 beats 
per minute in an average time of approximately five 
minute s.
The pilot study also served to establish a 
workable testing schedule, as only one subject could
5>8
be tested at a time. A schedule was selected in which 
the subjects performed the no warm-up condition first 
and then alternated between the other two. The times 
at which the subjects performed were rotated also.
This counter balanced practice order was used to 
neutralize possible influencing factors such as environ­
mental conditions, days of the week, and time of the day. 
Pre-Work Bout Warm-up Procedures
There were three pre-work bout warm-up procedures 
imposed on the subjects prior to performing the test 
work bout.
The procedures consisted of the following:
1. No Warm-up The subjects performed the 
designated work bout on the bicycle 
ergometer with no prior warm-up. All subjects 
performed under this condition first.
2. Mild Warm-up This pre-work bout warm-up 
consisted of pedaling the bicycle ergometer 
until a heart rate of 125 beats per minute 
was obtained. The same workload was set on 
the ergometer as in the test work bout. Then 
the subjects were allowed to sit in a chair 
to reach the recovery rate of 100 beats per 
minute.
J. Strenuous Warm-up This pre-work bout warm-up 
consisted of pedaling the bicycle ergometer 
until a heart rate of I'jO beats per minute 
was obtained. The work load on the ergometer 
was set at the same work load as the test 
work bout, namely 150 foot pounds per second. 
The subjects then recovered to a heart rate 
of 100 beats per minute. Starting heart 
rate was recorded prior to beginning the 
warm-up. Once the desired heart rate was 
reached the subject was allowed to sit in a 
chair to recover to a heart rate of 100 beats 
per minute.
Work Bout Testing Preliminary Procedures
Subjects were instructed to refrain from any 
vigorous activity prior to being tested. All subjects 
were advised not to eat for at least two hours prior 
to testing. The subjects were also told to wear gym 
shorts and shirts when reporting for testing. Upon 
reporting to the testing area, the subject was instruct 
to sit in a chair for five minutes prior to being 
prepared for testing.
Following the five minute rest period, the subject 
was then made ready for testing by the attachment of
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the electrodes to the chest.
Electrode Attachments
Subjects were instructed to remove any excess 
body hair from the area where the electrodes were 
placed in order to provide a good surface area for the 
attachment of the electrodes and to insure good 
conductivity. The skin where the electrodes were 
attached was first cleaned with alcohol. A liquid 
adhesive (Tuf Skin) was then painted on the areas and 
the electrodes were then attached to the chest of 
the subject by the use of double surface adhesive 
washers. Conducting paste was placed in the center of 
the electrode to insure good conductivity of the 
signal. Adhesive tape was also used to anchor the 
electrode to the subject and to cover the electrode 
wires in order to reduce interference. (See Figure 4) 
As shown in figure one electrode was placed 
at the body of the sternum over the manibrium and the 
other one was placed two inches below the left nipple 
as suggested by the Narco Bio-System Company. With 
telemetry, it was unnecessary to use a ground electrode. 
Biotelemetry System Attachment
The biotelemetry transmitter which was joined to 
the two electrodes by means of a common plug-in jack
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FIGURE 4
METHOD OF ANCHORING THE ELECTRODE WIRES
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can be seen in figure ?. The transmitter was then 
attached to the chest of the subject by means of two 
double adhesive washers and adhesive tape.
Performance of the Work Bout
Once the electrodes were attached, the subject 
then mounted the bicycle ergometer. The subject sat 
on the ergometer until the signal to start was given 
by the researcher. This command was given when the 
subject's heart rate had stabilized following the 
movement from the chair to the ergometer. Upon the 
command to start the subject began to pedal at the 
assigned load and speed. In o~der for the subjects to 
maintain the prescribed speed, a dark line was drawn 
on the face of the pedal unit speed indicator so that 
the subjects could align the speed indicator needle 
with the line drawn on the face of the guage.
The subjects pedaled the ergometer until the 
desired heart rate of 17? beats per minute was reached. 
While the subject was pedaling, the investigator observed 
the heart rate recorder on the biotachometer in order 
to determine when the heart rates of 12?, 1?0, and 17? 
were reached. By using two stop watches, the time 
taken to reach each interval was measured by stopping 
one watch while simultaneously starting the other.
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FIGURE 5
AN ILLUSTRATION OF THE POSITION OF THE ELECTODES 
THE HOOK-UP BETWEEN ELECTRODES AND TRANSMITTER
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Times were recorded to the nearest second. The 
procedure used by the investigator to determine when 
to start and stop the watch for the measurement of each 
interval was to make sure that the specific heart rate 
was showing for at least five seconds before that time 
interval was recorded and the second watch was started 
for the next interval.
Once the subject reached the terminal heart rate 
of 175 beats per minute, the command to stop was given. 
The subject then dismounted the ergometer and sat in a 
chair, as shown in figure 6, for the measurement of 
recovery time. When the subjects completed the 
performance they were allowed to leave after being 
scheduled for their next performance.
In scheduling the subjects for the next performance 
of the work bout the investigator first determined the 
hours of the day that were suitable for the subjects 
so as not to conflict with classes. The days of the 
week that were convenient for the subjects to report 
were also listed. The names of the subjects were 
then assigned to the various times and days of the week 
so as to assure that a subject would not be tested on 
the same day and at the same hour for the three 
performances. Subjects were alternated also with respect
6S
FIGURE 6
IN ILLUSTRATION OF THE POSITION OF THE SUBJECT 
FOR RECORDING RECOVERY TIME
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to the pre-work bout conditions that were imposed. A 
rotation plan was used in assigning the subject to 
the mild warm-up condition and the strenuous warm-up 
condition.
STATISTICAL ANALYSIS
The data were processed at the Computer Research 
Center, Louisiana State University, Baton Rouge, 
Louisiana. Analysis of variance was used to determine 
whether there were differences among three pre- 
exercise conditions for the effect on time required 
to reach designated heart rates while performing a 
strenuous exercise. A randomized block design with 
blocking on subjects was employed. Regression was 
also determined in analyzing the differences among 
the three conditions. Pearson Product-Moment correla­
tion was also computed to ascertain the relationship 
between starting heart rate and time in seconds 
required to recover to a heart rate of 100 beats 
per minute for each pre-work bout condition.
CHAPTER IV
PRESENTATION AND ANALYSIS OF DATA
The data were analyzed to determine whether there 
were significant differences among three pre-exercise 
conditions for times required to reach heart rates of 
125i 150 and 175 heats per minute during strenuous 
exercise and then to 100 heats per minute after 
exercise. A two-way analysis of variance using a 
randomized block design with blocking on subjects 
with three levels of treatment replicated fifty times 
was used to make these comparisons. Orthogonal 
comparisons were made to determine the nature of the 
differences. Regression was computed to further 
analyze the differences among three pre-exercise 
conditions for the effects on heart rate. The Pearson 
Product-Moment method of correlation was used to 
determine the relationship between the starting 
heart rate and the time required to recover to 100 
beats per minute.
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ANALYSIS OF VARIANCE OF TIMES IN SECONDS REQUIRED 
TO REACH A HEART RATE OF 125 FOR THREE 
PRE-EXERCISE CONDITIONS
In Table I, it can be seen that a significant F 
was found at the .05 level of probability which 
indicated that there was a significant difference among 
the three pre-exercise conditions in the amount of time 
required to reach a designated heart rate of 125 beats 
per minute. Orthogonal comparisons were utilized to 
determine whether a linear regression existed between 
the degree of pre-work bout exercise and the time 
required to reach a heart rate of 125 beats per minute.
TABLE I
ANALYSIS OF VARIANCE FOR TIME IN SECONDS REQUIRED 
TO REACH A HEART RATE OF 125 FOLLOWING 
THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
— Sum -of 
Squares
Mean
Square
F
Condition 2 585-08 191-54 5-14 .05
Subject 49 9928.16 202.61
Subject
Condition
98 5968.92 60.91
Total 149 16280.16
.01, 4.85.
In Table II it can be seen that in the first 
comparison for linearity an F-ratio of 50.4 was obtained
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which was highly significant at the .01 level of 
probability.
The second comparison for quadratic properties 
yielded an F-ratio of less than one which was not 
significant.
TABLE II
ORTHOGONAL COMPARISONS FOR REGRESSION OF PRE-EXERCISE
CONDITION AND TIME IN SECONDS REQUIRED TO
REACH A HEART RATE OF 125
Comparison Degrees of 
Freedom
Sum of Mean 
Squares Square
F P
Linear 1 524.0 524.0 50.4 .01
Quadratic 1 56.5 56.5 (1 N.S.
Error 98 5968.92 60.9
Total 149
Needed ror significance at the .09 level, '3-94, at
.01, 6.90.
As a result of the orthogonal comparisons for 
regression, it may be stated that the regression line 
for time required to reach a heart rate of 125 was 
wholly linear. In other words, proceeding from no 
warm-up to mild to strenuous warm-up the exercise 
time required to reach 125 beats per minute was 
proportionately smaller. (See Chart I)
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CHART I
RELATIONSHIP OF PRE-EXERCISE CONDITIONS AND TIME 
IN SECONDS TO REACH A HEART RATE OF 125
TIME
22 -
21
201
IIIIII
No Mild Strenuous
Warm-up Warm-up Warm-up
Mean-24.5 Mean 24.0 Mean-20.92
ANALYSIS OF VARIANCE OF TIMES IN SECONDS REQUIRED 
TO REACH A HEART RATE OF 150 FOR THREE 
PRE-EXERCISE CONDITIONS
As shown in Table III, an F of 42.48 was found for 
the comparison of pre-exercise conditions as to the time 
required to reach a heart rate of 150. This far exceeded 
the required F of 4.85 at the .01 level of confidence, 
thus indicating that a significant difference existed 
among the effects of the three pre-exercise conditions 
with respect to the times required to reach a heart rate 
of 150 beats per minute.
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TABLE III
ANALYSIS OF VARIANCE FOR TIME IN SECONDS REQUIRED 
TO REACH A HEART RATE OF 150 FOLLOWING 
THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of
Squares
Mean
Square
P
Condition 2 41725-72 20862.80 42.48 .01
Subject 49 119172.00 2432.08
Subject X 
Condition
98 48.45.72
Total 149
7 Needed for significance at the .05 level, 3.09, at.01, 4.8?.
In Table IV it cajn be seen that the first compari­
son for linearity resulted in an F-ratio of 84.42 which 
exceeded the F of 6.90 needed for significance at the 
.01 level of probability. The comparison for quadratic 
properties yielded an F-ratio of less than one.
The results of the comparisons found in Table IV 
indicated that linear regression existed between the 
warm-up conditions and times required to reach a heart 
rate of 150 beats per minute. It can be seen in Chart 
II that the longest amount of time was taken following 
the no warm-up condition followed by the mild warm-up 
and strenuous warm-up in that order.
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TABLE IV
ORTHOGONAL COMPARISON FOR REGRESSION OF PRE-EXERCISE 
CONDITION AND TIME IN SECONDS REQUIRED TO 
REACH A HEART RATE OF 150
Comparison Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F P
Linear 1 414-32.96 41452.96 84.4-2 .01
Quadratic 1 272.63 272.65 <1 N.S.
Error 98 48143.72 491.28
Total 14-9
F Seeded for significance at the .05 level, 3-94; a£.01, 6.90.
CHART II
RELATIONSHIP OF PRE-EXERCISE CONDITIONS AND TIME 
IN SECONDS TO REACH A HEART RATE OF 150
TIME
110
100
90
80
III
Strenuous
II
MildNo
Warm-up Warm-up Warm- up
Mean-113.78 Mean-90.36 Mean-73-06
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ANALYSIS OF VARIANCE OF TIMES IN SECONDS REQUIRED TO 
REACH A HEART RATE OF 173 FOR THREE 
PRE-EXERCISE CONDITIONS
The F-ratio of 43.09 for the comparison of pre- 
exercise conditions on times required to reach the 
terminal heart rate of 173 beats per minute was 
significant at the .01 level of probability. This 
indicated that a difference existed among the three 
pre-exercise conditions with respect to the times 
required to reach a heart rate of 173 beats per minute.
TABLE V
ANALYSIS OF VARIANCE FOR TIME IN SECONDS REQUIRED 
TO REACH A HEART RATE OF 173 FOLLOWING 
THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F P
Condition 2 134954.29 67477-14
Subject 49 614440.02 12339-59
Subject
Condition
98 146668.37 1496.61
Total 149 896062.69
¥ Needed for significance at .03 level, 3«o9; al .01, 
4.83.
The comparison for linearity resulted in an F-ratio 
of 89-?4 which was significant at the .01 level of 
probability. The comparison for quadratic properties
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was not significant.
The significant F-ratio shown in Table VI for the 
regression of time to reach a heart rate of 175 and 
pre-exercise conditions indicated that the regression 
line was totally linear. Chart III illustrates the 
regression pattern whereby the strenuousness of the 
pre-exercise and the time required to reach a heart 
rate of 175 was inversely proportional.
TABLE VI
ORTHOGONAL COMPARISON FOR REGRESSION OF PRE-EXERCISE
CONDITION AND TIME IN SECONDS REQUIRED 
REACH A HEART RATE OF 175
TO
Comparison Degrees of Sum of 
Freedom Square
Mean
Square
F P
Linear 1 154520.00 134520.00 89.74 .01
Quadratic 1 720.75 720.75 <1 N.S.
Error 98 1496.61
Total 149
F* Needed for significance at the .0^ level, 3.94; at.01, 6.90.
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CHART III
RELATIONSHIP OP PRE-EXERCISE CONDITIONS AND TIME 
IN SECONDS TO REACH A HEART RATE OF 175
TIME IN 
SECONDS
380
360
320
310
300
StrenuousMildNo
Warm-up Warm-up Warm-up
Mean-373.08 Mean-331-84 Mean-299-80
ANALYSIS OP VARIANCE OP TIMES IN SECONDS REQUIRED TO 
RECOVER TO A HEART RATE OF 100 FOLLOWING 
EXERCISE PERFORMED UNDER THREE 
PRE-EXERCISE CONDITIONS THAT 
RAISED THE HEART RATE TO 
175 BEATS PER MINUTE
Analysis of variance was employed to compare the 
pre-exercise conditions as to times required for the 
heart rate to return to 100 beats per minute following 
the exercise bout. It can be seen in Table VII that
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the F-ratio of 6.03 exceeded the F of 4.85 needed for 
significance at the .01 level of probability. This 
indicated that a difference existed among the three 
pre-exercise conditions with regard to times required 
to recover to a heart rate of 100 beats per minute.
TABLE VII
ANALYSIS OF VARIANCE FOR TIME IN SECONDS REQUIRED 
TO RECOVER TO A HEART RATE OF 100 FOLLOWING 
THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F P
Condition 2 25506.52 12755.26 6.03 .01
Subject 49 849580.54 17554.30
Subject
Condition
98 207019-48 2112.44
Total 149 1081906-54
F Weeded for significance at the .05 level, 3.09, at
.01, 4.83.
Table VIII shows that the comparison for linearity 
resulted in an F-ratio of less than one which was non 
significant. In the second comparison which was made 
for quadratic properties an F-ratio of 12.04 was 
obtained which was significant at the .01 level of 
probability.
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Chart IV indicates that a shorter time was 
required to recover to a heart rate of 100 beats per 
minute following the exercise bout which was preceded 
by the mild warm-up- The no warm-up condition and 
the strenuous warm-up condition resulted in similar 
recovery patterns.
In order to further analyze the recovery data, 
the total time involved in warm-up plus performance 
was computed. The mean pre-exercise plus work-bout 
time for the strenuous warm-up was 398 seconds; for the 
mild warm-up 363; and for the no warm-up condition 379 
seconds. Thus the mild warm-up condition actually 
involved less total exercise time than the other two 
conditions.
TABLE VIII
ORTHOGONAL COMPARISON FOR REGRESSION OF PRE-EXERCISE 
CONDITION AND TIME IN SECONDS REQUIRED TO 
RECOVER TO A HEART RATE OF 100
Comparison Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F P
Linear 1 59.23 59.25 <1 N.S.
Quadratic 1 25447.25 25447.25 12.04 .01
Error 98 2152.44-
Total L49
F Needed for significance at the .0 3 level, 3-94, at
•01, 6*90.
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CHART IV
RELATIONSHIP OF PRE-EXERCISE CONDITIONS AND TIME 
IN SECONDS TO RECOVER TO A HEART RATE OF 100
TIME IN 
SECONDS
330
325
320
315
310
305
300
III
StrenuousMildNo
Warm-up Warm-up Warm-up 
Mean-34-7*9 Mean-321.0 Mean-3^7.^
ANALYSIS OF VARIANCE FOR THE DIFFERENCES AMONG PARAMETERS 
(B-A-R2) FOR THE REGRESSION OF TIME ON HEART RATE 
FOR THREE PRE-EXERCISE CONDITIONS
The regression of time on heart rate for the three
pre-exercise conditions for the overall pattern of the
rise in heart rate to 125, 130, and 175 heats per minute
was determined. The three parameters that describe the
2
regression line are B, A and R . The B value referred 
to the slope of the regression line, the A value referred
2
to the Y intercept point, and the R value referred to
the goodness of fit of measures on the regression line.
o
The R value is sometimes referred to as the coefficient 
of determination. The regression of time on heart rate 
was first determined for each subject for each of the 
three pre-exercise conditions. Means were then computed 
for each of these regressions. The differences among 
these means was then determined by analysis of variance 
to determine if there were differences among conditions 
with respect to the parameters that described the 
regression line.
In Chart 5, the regression lines for the three pre­
exercise conditions are shown. These regression lines 
were determined by using the means of the parameters 
that describe the regression line and applying them to 
the formula used to determine the regression line for 
time on heart rate. The formula that was used was:
Y = Mean A + Mean B (X). The values that were put into 
the formula were the means of the parameters which 
describe the regression line.
Prom Chart 5 it can be seen that the regression 
lines which were plotted indicated that the relationship 
between time and heart rate was linear. The regression 
lines also indicated that each pre-exercise condition 
was different with respect to the effects on time
80
required to reach the desired heart rates.
CHART V
REGRESSION LINES FOR THE TIME REQUIRED TO 
REACH HEART RATE OF 125, 150 AND 175 
FOR THREE PRE-EXERCISE CONDITIONS
TIME IN 
SECONDS
380
300
260
220 -
180 _
100
60
20
HEART RATE
150
X
KEY: --------------------- No Warm-up (R^ = -92)
.....................  Mild Warm-up (R^ = .90)
2^ S t r e n u o u s  Warm-up (R = .8?)
2
The R shown for each pre-exercise condition was 
computed from rhe regression on each subject for each
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condition. The higher the R value the better fit 
along the projected regression lines.
ANALYSIS OF VARIANCE FOR DIFFERENCES IN SLOPE OF THE 
REGRESSION LINE FOR TIME ON HEART RATE FOR 
THREE PRE-EXERCISE CONDITIONS
In Table IX it can be seen that the F-ratio of 
44-.80 exceeded the F of 4.83 needed for significance 
at the .01 level of probability. This significant F 
indicated that the slope of the regression lines for 
time on heart rate were different for the three pre- 
exercise conditions. In Chart V it is shown that the 
line with the steepest slope represented the condition 
that required the longest period of time to reach a 
heart rate of 175, which was the no warm-up condition. 
The next steepest slope was the mild warm-up condition 
and the least amount of slope was evidenced by the 
strenuous warm-up which required the least amount of 
time to reach the designated heart rates.
TABLE IX
ANALYSIS OP VARIANCE FOR DIFFERENCE IN SLOPE OF 
THE REGRESSION LINES FOR TIKE ON HEART RATE 
FOR THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Kean
Square
F P
Condition 2 48.99 24.49 44.80 .0]
Subject 49 217.98 4.43
Subject X 98 55.57 0.55
Condition
Total 149 319.64
F Needed for significance at the .05 level, 3.01; at
.01, 4.85 •
ANALYSIS OF VARIANCE FOR DIFFERENCES IN THE POINT OF
INTERCEPT OF THE REGRESSION LINES FOR TIME ON HEART
RATE FOR THREE PRE-EXERCISE CONDITIONS
The F-ratio of 40.59 in Table X exceeded the F 
of 4.83 needed for significance at the .01 level of 
probability. A significant F in this analysis indicated 
that each regression line was different in regard to 
the point of intercept with the Y axis. This finding 
merely reinforced the fact that the regression line 
for each of the three pre-exercise conditions was 
different in that the times required to reach the 
different heart rates were significantly different for 
each pre-exercise condition.
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TABLE X
ANALYSIS OF VARIANCE FOR DIFFERENCES IN POINT OF 
INTERCEPT OF THE REGRESSION LINES FOR TIME ON 
HEART RATE FOR THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F P
Condition 2 7367.5^ 3683.77 40.39 .01
Subject 49 34846.10 711.14
Subject X 
Condition
98 8936.99 91.19
Total 149 51150.63
F Needed for significance at the .0^  level, 3.04; aT
.01, 4.83-
ANALYSIS OF VARIANCE FOR DIFFERENCES IN THE GOODNESS 
OF FIT OF MEASURES ON THE REGRESSION LINES FOR TIME 
ON HEART RATE FOR THREE PRE-EXERCISE CONDITIONS
As shown in Table XI, an F-ratio of 6.66 was 
obtained which was significant at the .01 level of 
probability. The significant F-ratio indicated that 
there were differences among the measures regarding 
the fit of these measures along the projected regression 
lines. Because of this, the fact that each pre-exercise
condition was different for the effect of time on heart
2
rate was reinforced. The R values that were obtained 
which are shown in the subscript to Chart 5 indicated 
how well the measures fit along the regression lines.
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The higher the R was the better the fit was to the 
regression line.
TABLE XI
ANALYSIS OF VARIANCE FOR DIFFERENCES IN THE GOODNESS OF 
FIT OF MEASURES ON THE REGRESSION LINES FOR TIME 
ON HEART RATE FOR THREE PRE-EXERCISE CONDITIONS
Source of 
Variation
Degrees of 
Freedom
Sum of 
Squares
Mean
Square
F F
Condition 2 709-32 334.66 6.66 .01
Subject 49 5230.32 65.92
Subject
Condition
98 3216.83 53.23
Total 149
V Seeded for significance at the .05 level, 3*0l; at
.01, 4.83.
ANALYSIS OF THE RELATIONSHIP BETWEEN STARTING HEART 
RATE AND TIME REQUIRED TO RECOVER TO 100 
BEATS PER MINUTE
Pearson Product-Moment correlation was used to 
determine the relationship between the starting heart 
rates of the subjects and times required to recover 
to a rate of 100 beats per minute. When correlations 
were computed for each condition separately only one 
significant relationship was found* This was the 
relationship between starting heart rate and time in 
recovery when subjects performed the exercise following
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the strenuous warm-up. A positive correlation of 
.362 was obtained which was significant at the .01 
level of probability. The relationship between starting 
heart rate and time to recover was not significant for 
either of the other two pre-exercise conditions. When 
the starting heart rates for all three conditions were 
combined and correlated with recovery times, a 
significant, but low, positive correlation of .225 was 
obtained. These results concurred with the findings of 
previous studies which indicated that starting heart 
rate had very little influence on recovery heart rate.1
TABLE XII
CORRELATIONS OF STARTING HEART RATE AND TINE IN 
SECONDS TO RECOVER TO 100 BEATS PER MINUTE
Conditions Degrees of 
Freedom
Correlation P
No Warm-up 48 .2691 N.S.
Mild Warm-up 48 .1001 N.S.
Strenuous Warm--up 48 .3621 .01
All Conditions 148 ,2252 .01
1r Needed for 
2 .01, .354. 
r Needed for 
.01, .208.
significance
significance
at
at
the .05 
the .05
level, .275; 
level, .159;
at
at
Edwin R. Elbel, "The Relationship Between Pre- 
Exercise and Post-Exercise Pulse Rates," Research 
Quarterly. XIX (October, 1948), 222-228.
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ANALYSIS OF THE RELATIONSHIP BETWEEN TOTAL 
PERFORMANCE TIME AND RECOVERY TIME
When correlations were computed for the relationship 
between total performance time and time required in 
recovery to 100 beats per minute two significant 
relationships were found* The relationship between 
total performance time and recovery time for the no warm­
up condition had a negative correlation of -.429 which 
was significant at the .01 level of probability. The 
relationship between total performance time and recovery 
time for the strenuous warm-up condition had a negative 
correlation of -.537 which was significant at the .09  
level of probability. There was a non-significant 
relationship between total performance time and recovery 
time for the mild warm-up condition. Although two 
relationships were significant, the results were too 
low for predictive purposes.
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TABLE XIII
CORRELATIONS OP TOTAL PERFORMANCE TIME AND TIME 
IN SECONDS TO RECOVER TO 100 BEATS PER MINUTE
Conditions Degrees of 
Freedom
Correlation P
No Warm-up 48 -.429 .01
Mild Warm-up 48 -.198 N.S.
Strenuous Warm-up 48 -.337 .03
1? Seeded for significance at the .05 level .273; at 
the .01 level, .35>4.
CHAPTER V
SUMMARY, FINDINGS, DISCUSSION OF FINDINGS, 
CONCLUSIONS, AND RECOMMENDATIONS
SUMMARY
The primary purpose of this study was to determine 
the effects of mild and strenuous warm-up exercise on 
cardiac response to strenuous exercise. A secondary 
purpose was to investigate the effects of mild and 
strenuous warm-up on recovery from strenuous exercise.
The study was conducted at the University of 
Southwestern Louisiana, Lafayette, Louisiana during 
the 1970-71 academic year. Fifty physically fit male 
subjects participated in the study.
The subjects perfonned three pre-exercise conditions. 
These consisted of: (1) no warm-up before performing
the exercise work bout, (2) raising the heart rate 
to 125 beats per minute and recovering to 100 beats 
per minute prior to performing the work bout; and 
(5) raising the heart rate to 150 beats per minute and 
recovering to 100 beats per minute prior to performing 
the exercise work bout. The desired heart rates were 
acheived by having the subjects pedal on a bicycle 
ergometer set at a work load of 150 foot pounds per
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second and a pedal revolution speed of 85 RPM was 
maintained. This was also the work load established 
for the performance of the exercise work bout.
All subjects performed the exercise work bout 
with no warm-up after which a counter balanced practice 
order was used for administering the other two pre- 
exercise conditions.
The exercise work bout consisted of pedaling the 
bicycle ergometer, set at the prescribed work load 
of 150 foot pounds per second until the heart rate 
reached 175 beats per minute. Time required for each 
subject's heart rate to rise from 100 to 125 beats 
per minute, from 125 to 150 beats per minute, and from 
150 to 175 beats per minute was recorded. The time 
required for ths subject's heart rate to recover to a 
rate of 100 beats per minute was also recorded.
Heart rate was measured by means of a Biotelemetry 
System in circuit with a Biotachometer. Surface 
electrodes were attached to the chest. All subjects 
used in the study had an efficiency index of 80 or above 
in fitness as determined by the Johnson and Robinson 
Short form of the Harvard Step Test.1
1Schneider and Karpovich, on.cit., p. 270-
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A randomized block design analysis of variance 
with blocking on subjects was utilized. The three 
levels of treatment were replicated fifty times. 
Regression was employed to further analyze the 
differences among the conditions. Pearson Product- 
Moment correlation was computed to determine the 
relationship between starting heart rate of the 
subjects and the time taken to recover to a heart 
rate of 100 beats per minute.
FINDINGS
The findings of this study were as follows:
1. A significant difference was found to exist 
among the three pre-exercise conditions for the time 
required to reach a heart rate of 125 beats per minute 
at the .05 level of probability. The regression of 
pre-exercise condition and time in seconds to reach 
125 beats per minute was significantly and totally 
linear in that as the strenuousness of the warm-up 
increased the time required to reach 125 beats per 
minute decreased.
2. A significant difference was found to exist 
among the three pre-exercise conditions for the time 
required to reach a heart rate of 150 beats per minute
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at the .01 level of probability. The regression of 
pre-exercise condition and time in seconds to reach 
150 beats per minute was significantly linear in that 
the strenuousness of the wann-up and the time required 
to reach 150 beats per minute were inversely proportional.
3. A significant difference existed among the 
three pre-exercise conditions with respect to the 
time required to reach a heart rate of 175 beats per 
minute. The difference was significant at the .01 
level of probability. The regression of pre-exorcise 
condition and time in seconds to reach 175 beats per 
minute was also significantly linear in that as the 
strenuousness of the warm-up increased the time 
required to reach 175 beats per minute decreased.
4. A significant difference was found to exist 
among the three pre-exercise conditions for the time 
required to recover to a heart rate of 100 beats per 
minute. The regression was significantly quadratic 
which revealed that the recovery rate was faster for 
the mild warm-up condition than for the other two 
pre-exercise conditions.
5. In determining the regression of the three 
pre-exercise conditions for time and the overall heart 
rate patterns it was found that each condition was
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different with respect to the times required to reach 
heart rates of 125, 150, and 175 heats per minute.
The regression lines were totally linear and it was 
seen that the steepest slope depicting the longest 
amount of time to reach the different heart rates was 
represented by the no warm-up condition. The 
regression lines for the mild and strenuous warm-up 
conditions were proportionately less steep.
6. A significant but low correlation was found 
between starting heart rate and recovery time when the 
starting heart rate for all three conditions were 
combined and correlated with the recovery times. When 
the pre-exercise conditions were analyzed separately, 
the only significant correlation between starting 
heart rate and recovery time was found for the 
strenuous warm-up condition.
Discussion of Findings
The significant differences that were found among 
the three pre-exercise conditions with respect to the 
times taken for the subjects to reach the designated 
heart rate levels was not entirely unexpected. These 
findings confirmed the hypothesis that when the subject 
had no pre-exercise activity, or had mild pre-exercise 
activity, a longer exercise time was required to reach
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a heart rate of 125, 130, and 175 beats per minute 
than when a more strenuous warm-up was performed.
Although the significant difference found among 
the three pre-exercise conditions regarding time to 
recover to a heart rate of 100 beats per minute in 
favor of the mild warm-up condition was unexpected, 
further analysis showed that this finding actually 
adherred to the pattern of the longer the exercise 
the longer the recovery. When the total time of 
exercise was computed by adding the time involved in 
the warm-up and the exercise time, it was found that 
the mild wann-up condition involved the least amount 
of total exercise time. The no warm-up condition was 
next, and the strenuous warm-up required the longest 
exercise time. The strenuous warm-up also required 
the longest recovery time. Consequently, this finding 
was in agreement with those of Falls and Weibers who 
found significant differences among pre-exercise 
conditions regarding the effects on recovery heart rate. 
It was found that the cold shower condition that in 
effect reduced the level of the heart rate was more 
beneficial to heart rate recovery than other per- 
exercise conditions.'*' Falls and Humphrey found that
^Falls and Weibers, op.cit.. pp. 243-252
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pre-exercise conditions that were similar namely cold 
showers of different duration, produced insignificant 
findings with regard to recovery heart rate. When 
these conditions were compared with conventional forms
of warm-up, however, significant differences were
2
found regarding recovery heart rate. This finding 
therefore agrees with those of others in that pre- 
exercise conditions that require the least amount of 
time in performance will require less time in recovery.
Regression analysis indicated that a linear trend 
existed between time required to reach heart rates and 
the level of heart rate attained. As the level of 
pre-exercise heart rate increased the time required to 
reach heart rate levels of 125* 150i and 175 decreased. 
It was also substantiated by analysis of variance of 
regressions that each pre-exercise condition was 
different with respect to the effect on times required 
to reach heart rates of 125, 15 0, and 175 beats per 
minute. As the strenuousness of the pre-exercise 
condition increased the times required to reach heart 
rates of 125* 150, and 175 beats per minute decreased.
A low relationship was found between starting 
heart rate and time to recover to a heart rate of 100
^Falls and Humphrey, on.cit.. pp. 355-560.
95
beats per minute. Although this correlation was 
significant it was too low for predictive purposes. 
This concurred with other studies which have shown 
that starting heart rate does not influence recovery 
heart rate.
CONCLUSIONS
Within the limits of this study the following 
conclusions were made:
1. Pre-exercise activity significantly affects 
the rate at which the heart rate increases 
during exercise in that the higher the heart 
rate is raised during warm-up the faster the 
heart rate will increase during performance.
2. Since the time required for recovery is 
directly related to the length of exercise 
the amount of warm-up should be considered 
in the total amount of energy expenditure 
for the event to be performed.
3. There appears to be slight overall relation­
ship between starting resting heart rate and 
recovery rate following exercise. However, 
the relationship is too low for predictive 
purposes.
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RECOMMENDATIONS
The following recommendations for further study 
were made:
1. A similar study designed to determine the 
differences between fit and unfit subjects 
regarding the effects of pre-exercise 
conditions on heart rate and recovery would 
seem to be of value-
2. A study should be done to analyze the effects 
of various pre-exercise conditions on other 
physiological parameters such as oxygen 
consumption during performance.
3. A study should be conducted which would determine 
whether warm-up of different intensities but 
similar in length of time would have any 
influence on exercise heart rate and recovery 
rate.
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APPENDIX A
ORIGINAL DATA COLLECTED ON ALL SUBJECTS FOR THE NO WARM-UP CONDITION
TIME TO TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO
REACH 100 b/m 100-125 125-150 150-175 FROM 100-175 RECOVER TO 100
5 sec 21 sec 62 sec 234 8VI 317 sec 323 sec
5 sec 17 sec 42 sec 367 sec 426 sec 320 sec
7 sec 15 sec 71 sec 272 sec 358 sec 363 sec
5 sec 19 sec 68 sec 226 sec 313 sec 389 sec
4 sec 10 sec 63 sec 248 sec 321 sec 268 sec
11 sec 24 sec 101 sec 298 sec 423 sec 302 sec
5 sec 34 sec 139 sec 373 sec 546 sec 242 sec
7 sec 12 sec 163 sec 265 sec 440 sec 386 sec
5 sec 20 sec 74 sec 287 sec 381 sec 284 sec
10 sec 24 sec 108 sec 327 sec 459 sec 432 sec
4 sec 21 sec 48 sec 262 sec 331 sec 345 sec
4 sec 16 sec 47 sec 218 sec 281 sec 267 sec
6 sec 23 sec 5 7 sec 194 sec 2 74 sec 484 sec
APPENDIX
SUBJECT TIME TO TIME FROM TIME FROM
_________ REACH 100 b/m 100-125 125-150
14 6 sec 20 sec 68 sec
15 4 sec 21 sec 132 sec
16 5 sec 14 sec 126 sec
17 14 sec 28 sec 85 sec
18 8 sec 38 sec 125 sec
19 8 sec 18 sec 110 sec
20 8 sec 20 sec 121 sec
21 7 sec 22 sec 103 sec
22 5 sec 29 sec 126 sec
23 7 sec 29 sec 168 sec
24 6 sec 45 sec 188 sec
25 9 sec 113 sec 128 sec
26 7 sec 32 sec 63 sec
A (continued)
TIME FROM TOTAL TIME TIME TO STARTING
150-175 FROM 100-175 RECOVER TO 100 RATE
178 sec 266 sec 268 sec 75
262 sec 415 sec 227 sec 75
192 sec 332 sec 415 sec 80
286 sec 399 sec 355 sec 75
269 sec 432 sec 341 sec 75
224 sec 352 sec 486 sec 75
221 sec 362 sec 435 sec 75
196 sec 321 sec 368 sec 80
266 sec 421 sec 320 sec 80
220 sec 417 sec 232 sec 70
225 sec 458 sec 241 sec 80
332 sec 5 73 sec 293 sec 75
253 sec 348 sec 368 sec 80
ovn
27
28
29
30
31
32
33
34
35
36
37
38
39
APPENDIX A (continued)
TIME TO TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO
REACH 100 b/m 100-125 125-150 150-175 FROM 100-175 RECOVER TO 100
7 sec 29 sec 62 sec 187 sec 278 sec 507 sec
9 sec 19 sec 62 sec 316 sec 397 sec 388 sec
5 sec 18 sec 67 sec 331 sec 416 sec 258 sec
4 sec 28 sec 63 sec 225 sec 316 sec 287 sec
6 sec 27 sec 78 sec 394 sec 499 sec 228 sec
4 sec 16 sec 43 sec 246 sec 305 sec 353 sec
4 sec 14 sec 69 sec 252 sec 335 sec 454 sec
8 sec 29 sec 97 sec 277 sec 403 sec 398 sec
5 sec 19 sec 64 sec 208 sec 291 sec 475 sec
4 sec 15 sec 86 sec 228 sec 329 sec 473 sec
8 sec 16 sec 103 sec 206 sec 319 sec 423 sec
7 sec 26 sec 118 sec 203 sec 347 sec 381 sec
5 sec 18 sec 91 sec 296 sec 405 sec 252 sec
40
41
42
43
44
45
46
47
46
49
50
APPENDIX A (continued)
TIME TO TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO
REACH 100 b/m 100-125 125-150 150-175 FROM 100-175 RECOVER TO 100
4 sec 42 sec 89 sec 326 sec 45 7 sec 448 sec
10 sec 24 sec 83 sec 333 sec 440 sec 284 sec
5 sec 35 sec 126 sec 228 sec 389 sec 233 sec
6 sec 24 sec 89 sec 279 sec 392 sec 204 sec
5 sec 28 sec 69 sec 228 sec 325 sec 449 sec
10 sec 18 sec 95 sec 210 sec 323 sec 365 sec
8 sec 25 sec 86 sec 176 sec 387 sec 230 sec
. 4 sec 18 sec 76 sec 2 74 sec 368 sec 312 sec
5 sec 22 sec 66 sec 239 sec 327 sec 408 sec
5 sec 19 sec 58 sec 226 sec 303 sec 430 sec
5 sec 13 sec 46 sec 278 sec 337 sec 398 sec
12
3
4
5
6
7
8
9
10
11
12
13
APPENDIX B
ORIGINAL DATA COLLECTED ON ALL SUBJECTS FOR THE MILD WARM-UP CONDITION
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 125 IN WU
21 sec 48 sec 142 sec 211 sec 3 72 sec 18 sec
13 sec 45 sec 327 sec 385 sec 203 sec 31 sec
24 sec 42 sec 264 sec 330 sec 243 sec 25 sec
14 sec 41 sec 164 sec 219 sec 296 sec 19 sec
18 sec 40 sec 197 sec 255 sec 357 sec 20 sec
38 sec 106 sec 204 sec 348 sec 298 sec 34 sec
21 sec 163 sec 327 sec 511 sec 255 sec 48 sec
14 sec 36 sec 254 sec 304 sec 369 sec 23 sec
14 sec 65 sec 305 sec 384 sec 247 sec 28 sec
20 sec 56 sec 253 sec 329 sec 431 sec 27 sec
28 sec 69 sec 128 sec 225 sec 2 75 sec 34 sec
13 sec 28 sec 187 sec 228 sec 305 sec 18 sec
28 sec 59 sec 15 2 sec 239 sec 496 sec 24 sec
14
15
16
17
18
19
20
21
22
23
24
25
26
APPENDIX B (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 125 IN WU
19 sec 31 sec 226 sec 276 sec 210 sec 27 sec
31 sec 93 sec 319 sec 443 sec 289 sec 52 sec
18 sec 58 sec 224 sec 300 sec 245 sec 27 sec
23 sec 49 sec 267 sec 339 sec 434 sec 32 sec
24 sec 46 sec 228 sec 298 sec 270 sec 26 sec
26 sec 66 sec 183 sec 275 sec 339 sec 17 sec
38 sec 110 sec 186 sec 334 sec 445 sec 47 sec
14 sec 61 sec 148 sec 223 sec 3 03 sec 22 sec
42 sec 122 sec 244 sec 408 sec 250 sec 48 sec
27 sec 129 sec 314 sec 470 sec 262 sec 38 sec
22 sec 72 sec 286 sec 380 sec 230 sec 17 sec
48 sec 126 sec 326 sec 500 sec 260 sec 112 sec
28 sec 41 sec 228 sec 297 sec 489 sec 22 sec
27
28
29
30
31
32
33
34
35
36
37
38
39
APPENDIX B (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 125 IN WU
20 sec 59 sec 218 sec 297 sec 502 sec 40 sec
34 sec 68 sec 296 sec 398 sec 394 sec 28 sec
21 sec 101 sec 350 sec 472 sec 298 sec 24 sec
15 sec 29 sec 232 sec 276 sec 248 sec 19 sec
21 sec 114 sec 332 sec 46 7 sec 226 sec 34 sec
28 sec 42 sec 294 sec 364 sec 229 sec 24 sec
28 sec 66 sec 182 sec 276 sec 316 sec 46 sec
33 sec 78 sec 304 sec 415 sec 344 sec 43 sec
28 sec 49 sec 397 sec 474 sec 486 sec 39 sec
23 sec 68 sec 164 sec 255 sec 438 sec 21 sec
19 sec 32 sec 183 sec 234 sec 243 sec 13 sec
27 sec 97 sec 189 sec 313 sec 298 sec 36 sec
14 sec 68 sec 297 sec 3 79 sec 221 sec 26 sec
40
41
42
43
44
45
46
47
48
49
50
APPENDIX B (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 125 IN WU
29 sec 63 sec 248 sec 340 sec 396 sec 47 sec
32 sec 86 sec 314 sec 432 sec 278 sec 46 sec
18 sec 64 sec 284 sec 266 sec 278 sec 25 sec
32 sec 77 sec 238 sec 347 sec 182 sec 40 sec
GO sec 53 sec 229 sec 300 sec 310 sec 22 sec
23 sec 61 sec 178 sec 262 sec 329 sec 23 sec
21 sec 49 sec 164 sec 234 sec 329 sec 26 sec
26 sec 59 sec 248 sec 333 sec 358 sec 25 sec
24 sec 48 sec 252 sec 324 sec 3 71 sec 35 sec
22 sec 53 sec 219 sec 294 sec 436 sec 26 sec
19 sec 48 sec 262 sec 329 sec 367 sec 21 sec
APPENDIX C
ORIGINAL DATA COLLECTED ON ALL SUBJECTS FOR THE STRENUOUS WARM-UP CONDITION
SUBJECT TIME FROM TIME mOM TIME FROM TOTAL TIME TIME TO TIME TO STARTING
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 150 IN WU RATE
1 18 sec 57 sec 192 sec 267 sec 337 sec 71 sec 80
2 16 sec 27 sec 232 sec 2 75 sec 212 sec 66 sec 80
3 24 sec 48 sec 285 sec 357 sec 216 sec 109 sec 75
4 16 sec 37 sec 173 sec 226 sec 395 sec 49 sec 80
5 14 sec 48 sec 253 sec 315 sec 426 sec 98 sec 75
6 25 sec 68 sec 237 sec 330 sec 346 sec 118 sec 75
7 27 sec 103 sec 312 sec 442 sec 263 sec 119 sec 75
8 15 sec 40 sec 297 sec 352 sec 393 sec 63 sec 80
9 19 sec 62 sec 285 sec 366 sec 335 sec 96 sec 85
10 21 sec 48 sec 308 sec 377 sec 362 sec 64 sec 75
11 32 sec 46 sec 146 sec 224 sec 286 sec 137 sec 80
12 16 sec 23 sec 197 sec 236 sec 332 sec 68 sec 85
13 22 sec 46 sec 140 sec 208 sec 532 sec 94 sec 801
1?
14
15
16
17
18
19
20
21
22
23
24
25
26
APPENDIX C (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 150 IN WU
14 sec 26 sec 219 sec 259 sec 216 sec 52 sec
32 sec 71 sec 338 sec 441 sec 211 sec 131 sec
10 sec 86 sec 128 sec 224 sec 438 sec 63 sec
18 sec 38 sec 207 sec 263 sec 428 sec 100 sec
21 sec 42 sec 213 sec 276 sec 319 sec 69 sec
11 sec 45 sec 165 sec 221 sec 426 sec 158 sec
34 sec 37 sec 158 sec 229 sec 307 sec 136 sec
15 sec 64 sec 184 sec 263 sec 3 74 sec 103 sec
36 sec 109 sec 216 sec 361 sec 348 sec 148 sec
22 sec 112 sec 311 sec 445 sec 285 sec 147 sec
18 sec 63 sec 261 sec 342 sec 282 sec 104 sec
41 sec 63 sec 323 sec 427 sec 2 72 sec 2C2 sec
24 sec 36 sec 218 sec 278 sec 498 sec 91 sec
27
28
29
30
31
32
33
34
35
36
37
38
39
APPENDIX C (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 150 IN WU
21 sec 48 sec 210 sec 2 79 sec 512 sec 106 sec
29 sec 53 sec 287 sec 369 sec 421 sec 96 sec
16 sec 58 sec 201 sec 275 sec 326 sec 68 sec
17 sec 40 sec 162 sec 219 sec 231 sec 84 sec
20 sec 56 sec 336 sec 412 sec 243 sec 73 sec
26 sec 35 sec 307 sec 268 sec 336 sec 90 sec
34 sec 51 sec 233 sec 318 sec 308 sec 132 sec
18
i
sec 62 sec 225 sec 225 sec 305 sec 486 sec
20 sec 34 sec 272 sec 326 sec 410 sec 96 sec
19 sec 51 sec 202 sec 272 sec 536 sec 61 sec
17 sec 25 sec 178 sec 220 sec 367 sec 58 sec
22 sec 83 sec 162 sec 267 sec 327 sec 131 sec
16 sec 57 sec 267 sec 340 sec 241 sec 98 sec
40
41
42
43
44
45
46
47
48
49
APPENDIX C (continued)
TIME FROM TIME FROM TIME FROM TOTAL TIME TIME TO TIME TO
100-125 125-150 150-175 FROM 100-175 RECOVER TO 100 150 IN WU
28 sec 54 sec 235 sec 317 sec 411 sec 109 sec
23 sec 66 sec 324 sec 413 sec 287 sec 83 sec
15 sec 39 sec 24 2 sec 296 sec 335 sec 64 sec
23 sec 52 sec 164 sec 239 sec 262 sec 86 sec
18 sec 39 sec 214 sec 271 sec 397 sec 62 sec
22 sec 54 sec 162 sec 238 sec 384 sec 91 sec
18 sec 38 sec 178 sec 234 sec 253 sec 107 sec
21 sec 47 sec 214 sec 282 sec 316 sec 96 sec
14 sec 37 sec 229 sec 280 sec 423 sec 68 sec
16 sec 41 sec 197 sec 254 sec 449 sec 66 sec
12 sec 42 sec 238 sec 292 sec 370 sec 91 sec
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APPENDIX D
MEAN TIMES REQUIRED TO REACH SPECIFIC 
HEART RATE MEASURES FOR THREE 
PRE-EXERCISE CONDITIONS
CONDITION HEART RATE TIME
No. 1 - No Warm-up 125 b/m 
150 b/m 
175 b/m
24.50
113.78
373-08
seconds
seconds
seconds
No. 2 - Raise H.R. to 125 125 b/m 
150 b/m 
175 b/m
24.02
90.56
331.84
seconds
seconds
seconds
No. 3 - Raise H.R. to 150 125 b/m 
150 b/m 
175 b/m
20.92
73-06
299.80
seconds
seconds
seconds
MEAN TIMES REQUIRED TO RECOVER TO 
HEART RATE 100 FOR THREE 
PHE-MX KKCISE CONDITIONS
CONDITION HEART RATE TIME
No. 1 - No Warm-up 100 b/m 347.90 seconds
No. 2 - Mild Warm-up 100 b/m 321.00 seconds
No. 3 - Strenuous Warm-up 100 b/m 349.40 seconds
APPENDIX E
D I S S E R T A T  I O N  D A T A  S H E E T
SUBJECT:
DATE:
Condition 1: No Warm Up
Starting Heart Rate: __
Time to Reach 100 b/min: __
Time from 100 b/min-125 b/min:
Time from 125 b/min-150 b/min: __
Time from 150 b/min-175 b/min: __
Total Time: __
Time to Recover to 100 b/min:
TIME OF DAY: 
TEMPERATURE OF ROOM:
Condition 2: Raise H.R. to 150 b/min
Recover to ioQ V/min
Time from 100 b/min-125 b/min:______________
Time from 125 b/min-150 b/min:______________
Time from 150 b/min-175 b/min:______________
Total Time:______________
Time to Recover to 100 b/min:______________
Condition 3: Raise H*B. to 125 b/min.
Recover to 100 b/minT
Time from 100 b/min-125 b/min:_________
Time from 125 b/min-150 b/min:
Time from 150 b/min-175 b/min:_________
Total Time:_________
Time to Recover to 100 b/min:_________
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